F ;ent cooperation trea , 



i/eruu/u/u/j 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Commissioner 

US Department of Commerce 
United States Patent and Trademark 
Office, PCT 

2011 South Clark Place Room 
CP2/5C24 

Arlington, VA 22202 
j ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
18 Mav 2001 (18 05 01) 


International application No. 
PCT/EP00/07023 


Applicant's or agents file reference 
1999PTWO 


International filing date (day/month/year) 
21 July 2000 (21.07.00) 


Priority date (day/month/year) 
22 July 1999 (22.07.99) 


Applicant 

MACCHIA, Bruno et al 



1. The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International Preliminary Examining Authority on: 
19 February 2001 (19.02.01) 

LJ ' n a notice effectln 9 la ter election filed with the International Bureau on: 



2. The election [ X I was 



| j was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


Nestor Santesso 


1211 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/IB/331 (July 1992) EP0007023 



V L MINISTERO DELUINDUSTRlffBEL COMMERCIO E DELL'ARTIGIANATO ^ MODULO A 
Officio italiano brevetti e marchi - roma m 

DOMANDA Dl BREVETTO PER INVENZIONE INDUSTRIALE, OEPOSITO R1SERVE. ANTICIPATAACCESSIBJLITA AL PUBBUCO 
A RICHIEDENTE(I) 

1) Oenominazlone L BRACCO S.P.fl. 




MILANQ 



_J SiB 



2) Denominazione 
Resktenza 



• ' .L 



B. RAPPRESENTANTE DEL MCHIEDENTE PRESSO L'UXB.M. 
cognoajaenoma l LiviO Brjgfaenti 



J codfiscate LJ L 



denominazk>nestvdk)diappartene^ I NOTARBARTQLQ & GERV A^J fi.p.fl. 

^1 Lungafrno toerixto Yespucol 

C DOWCIUO ELETTIVO daatinatario I . 

vial 



i 1 i 1 i i i i i i i 



I i I I I I I I 1 I 



n.SA ! I citta I Pirenzp 



J cap 5Q 1 ?3 (prov) Kill 



J n. I t > ; i dtta L 



i i I I 



ctesse proposta (sez/cl/scl) 



-J gruppo/sottognippo 



D.TTTOLO 

1 ^alofibi <ii ccraaidl. processo pe r la loro preraraTlc^ * 1»™ „, 0 ftnaP ar ,^_ 

1 tuaorali, 

I — — — — _ - 



ANTtCtPATA ACCESSIBIUTA AL PUBBUCO: SI U NO \i 



z 1 BALSAMO Aldo 



F. PRIORITA 

naztorooorganizzazione 

D I _ 

2) i — 



Q. CENTRO ABIUTATO Dl RACCOLT 



L 



H. ANNOTAZIONI SPECIAL! 

NESSONA 



SE STANZA: DATA I/L-U/LlJ N-PROTOCOLLO I i , 

J 3) | MAHTHTA >fa^ «*»nm.n«n. 



4) I DEL TACCA Mario 




1 SOOGUMENTO RISERVE 

mmierodidoinanda ftB data dl daposlto ^gTTT HffR TT^T 



#t-^ i £9 — I LU/Lu/i LJ L_lj LU LjJ I • ■ ■ ■ 




cpag. 
ittav. 



riasst*rto con disegno principale, descrtzione e rfveodicazkxri (obWlgalorio 1 esempiara) _ 
diseano (obttkjatooo se citato in d^crbkvwi, 1 M^mpUr. 


SCtOGUMENTO RtSERVE 
Data N-PrtrtocoOo 

L*-l'l i i/l . 1/ i 

L_i_li! .1/1.1/1 I 


lettera d* Incarica procure o rtterimento procura gMMnta 


Li_l/I i l/l i l/l . . . . . . I 




LU/I i l/l i l/l . ..... 1 


documenil di onorit* con Murium in tomtom 


confront! sJngoto priortta 

Li l/l i l/l . l/l ...... i 





DOCUMENT A2I0NE ALLEGATA 
Has. 

DOC1) © fPBQVi 
Doc. 2) ft fpROVl 

Doc 3) ill Cro] 
Doc 4) ft l~re~l 

Doc 5) ft "CMJ 

Doc 6) ft r~re~! 
Doc 7) ft 

8) attestati dl versamerrto, totale Qr* 

COmUTOIL eft ftl« iLg^ TOIIADELdlRICHIEDEHTEd) 

comwuASWH) &$ I gOTABBARTO IjO * QR OTASI S.P.A, 

DEL PRESEMTE ATTO SI R1CNIEOE COPfA AUTENTKA StMO JLL 



nonrinathro completo dd richiadanta 

treeentosessantacinqu^l 1 as 



WnaOPROVMCULEOO. COMM. ART. n I 

wmaumdeposito numerohdomanda 
Unowwowcwn ; novantanove 



FIKENZE 



FT99A000169 



Reg. A 



J.Bgiomo j ventldue 



ntstoa 



B 0) ncWedanta (i) sopTafndkato(i}ha(harmo) 
■• ANNOTAZtONt VARIE DEU/UFFIdO ROQAMTE I 



ma sottoscritto la prasenta domanda, corradata dl n» 



J.ddmesadl I luglXQ 



li aggiuntivi per la concession* del orevetto soprariportata 



L 



L 




L'UFIT^ALE ROC ANTE 



x , FOGUOAGOIUHTIVOn. 01 dltotafl 0} 
**. RICHIEDEMTE (I) 



DOMANDA N. 



REG. A 



Denominazione 



i > 1 Denominazione 



E. IMVEMT0R1 DESIGN ATI 



DANESI Romano 



AGGIUNTA MODULO A 



J codics L 



J-jJ 



t. prkmutA 



tin m M - J *** 

npo ca pnoma 



numerodidomandj data di depostto 



/L 



J L 



FTRIU DEL (I) RICHIEDEMTE (I) I /^w^ - J £ 



J / 

J/L 
U_!/ 

i/ 
i/ 
j/ 



/ L_L 



aflegato 

s/r 

-U u 



jJ u 

J-i U 



J u 
J u 



.a u 



SOOGUMENTO RJSERVE 
«t» N*ProtocoDo 

U | 

t . I 



gQTARBARTOLO A CERVAS T K-P.A, 



! 



I i I i i I I I 

I I M 1 | | | 



SPAZIO RISERVATO ALL'UFFICtO ITAUANO BREVETT1 E MARCH! 



1 : 

! j 



000169 ; 22 LUC 9 3 



N^TARBARTOLO & GER\I^SI f 32<^ 



BREVETTO 



Stato Ns. Rif. Rif. Cliente 
ITALIA 1999PTIT 


Class. Int. 


TipoBrevetto INVENZIONE INDUSTRIALS 


- 


Agente 






Titolare BRACCO S.P.A. 
Fatt. e Corr. : Via Folli 


,50 20 134 - MILANO 




Inventore MACCHIA Bruno 
BALSAMO Aldo 
MACCHIA Marco 


DEL TACCA Mario 
DANESI Romano 




Titolo Analoghi di ceramidi, processo per la loro preparazione e loro 
uso come antitumorali. 


Data deposito 
22/07/1999 




N. delta domanda 
FI99A000169 


Data rilasdo 


Data visione pubblica 


N. del brevetto 



Priorita 



Durata anni 
* 


Dal 


Al 


Termine pagamento tasse 


20 


22/07/1999 


22/07/2019 


Dal 22/07/2002 ogni 








anno entro data dep. 



Termine attuazione 



3 anni dal rila scio o 4 anni dal deposito. 

Note 

MARCATURA: Consigliabile ma non obbligatoria, 
TERMINE PER I DEPOSITI ALL 1 ESTERO CON RIVENDICAZIONE DI PRIORITA* 12 MESI DALLA 
DATA DI DEPOSITO 

Pakistan, Taiwan, Ecuador, Tailandia, insieme ad altri Stati minori non aderis- 
eono alia Convenzione di Parigi, di cui alleghiamo elenco degli Stati aderenti, 
e pertanto non riconoscono il diritto di priorita di cui all'art.4 della Con- 
venzione. In questi Paesi e percio opportuno effettuare il deposito il piu j 
presto possibile. \ 



PROSPETTO A 

RIASSUNTO INVEMZIONE CON DCSEGNO PRlH" 



NOMERO DOMAMDA I REG. A DATAW DEPOSTTO UJ/LUlL 



NUUERO BREVETTO ! DATA W RJLASCJO 

501 



-BRACCQ SlJE-Am 



JKTT.ANQ. 



TTTOt inalo ff fal dl oerainidi, processo pe r lo re operandi nn*> ^ 
an tltumorali . 



Ctassepropostafset/cUscty ; (grappo/sottogruppo) 

L RIASSUNTO 



Sono descritti i compost!, analoghi di ceramidi, dl formula (I): 




Sono altresi descritti 11 processo di preparazione del compost! di formula 
(I), ed il loro uso per la preparazione di composizioni farmaceutlche per il 
trattamento di tumor! . 



1999PTIT Notarbartolo & Gervasi S.p.A. 

Descrizione dell'invenzione industriale dal titolo : 

"Analoghi di ceramidi, processo per la loro preparazione e loro uso come 
antitumorali" 

Titolare : BRACCO S.p.A. 
con sede in : MILANO 

Inventori designati : Bruno MACCHIA, Aldo BALSAMO, Marco 
MACCHIA, Mario DEL TACCA, Romano DANES! 
Depositata ii con ii n° 



***** 



CAMPO DELL'INVENZIONE 

La presente invenzione riguarda i composti, analoghi di ceramidi, di 
formula generate (I) piu avanti riportata, il relativo processo di 
preparazione, ed il loro uso per la preparazione di composizioni 
farmaceutiche ad azione antitumorale. 
STATO DELLA TECNICA 

Le ceramidi sono lipidi costituiti da un acido grasso e sfingosina legati tra 
loro da un legame ammidico, e sono generate dalla sfingomielina, uno 
sfingolipide presente nelle membrane di cellule eucariote, per azione 
dell'enzima sfingomielinasi, oppure sono sintetizzate per azione 
dell'enzima ceramide sintetasi. 

Gli sfingolipidi come la sfingomielina sono stati sempre considerati come 
componenti strutturali, stabili e metabolicamente inattivi, deile 
membrane. Solo nell'ultimo decennio si e invece dimostrato che gli 
sfingolipidi hanno un ruolo attivo nei meccanismi di regolazione delle 
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risposte cellulari a stimoli esogeni, cosi come nella regolazione di 
crescita, differenziazione, trasformazione e adesione cellulare. 
Si e inoltre recentemente dimostrato che i prodotti di demolizione degli 
sfingolipidi, quali ceramidi e sfingosina, giocano un ruolo importante nella 
regolazione dei meccanismi di trasmissione dei segnali controllati dagli 
sfingolipidi di membrana (Teruyuki Sakai et al. f Exp. Opin. Ther. Patents 
(1998) 8 (12): 1673-1682). In particolare, la caratteristica distintiva di 
questi prodotti sembra essere la loro partecipazione ai meccanismi 
antiproliferativi di regolazione cellulare, quali ad esempio I'inibizione della 
crescita, I'induzione alia differenziazione e la morte programmata delle 
cellule, o apoptosi. 

L'apoptosi e stata recentemente oggetto di numerosi studi (ad esempio 
Ross A. Kinloch et al., TiPS, Jan. 1999 (20): 35-42), dal momento che 
tale fenomeno si presta ad una "manipolazione" farmacologica: una 
diminuzione della frequenza di comparsa dell'apoptosi cellulare pu6 
infatti avere gravi conseguenze patologiche e facilitare la crescita di 
tumori, da cui il potenziale terapeutico di tutti quei composti che sono in 
grado di stimolare l'apoptosi. 

Da studi approfonditi e risultato che le ceramidi presenti nelle membrane 
cellulari agiscono come "effettori" intracellulari dell'apoptosi, e quindi 
come potenziali inibitori della crescita dei tumori. 

Al fine di incrementare farmacologicamente tale capacita delle ceramidi 
endogene, la strategia ottimale sembra essere quella di sviluppare 
analoghi delle ceramidi endogene che ne mimino gli effetti, che siano 
stabili nei confronti della metabolizzazione della ceramide a sfingosina e 
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possiedano un'attivita inibitoria sulla ceramidasi in modo da prevenire la 
generazione di sflngosina, che rappresenta un fattore di stimolazione 
della proliferazione, a partire dalle fonti endogene di ceramidi. 
Tali analoghi delle ceramidi dovrebbero inoltre avere la capacita di 
penetrare le membrane cellulari. 

E* pertanto sentita I'esigenza di disporre di composti analoghi di 
ceramidi, che siano in grade- di attraversare le membrane cellulari, di 
penetrare all'interno delle cellule e di mimare le diverse proprieta delle 
ceramidi, in particolare quella di indurre I'apoptosi nelle cellule umane 
cancerose. 
SOMMARIO 

Ora la Richiedente ha sorprendentemente trovato che i composti 
analoghi di ceramidi di formula (I) : 



in cui 

X, e X 2 sono scelti tra O e S, 

R, ed R 2 sono scelti tra -(CH 2 ) 13 CH 3 e gruppi alchilici o alchilenici con da 
2 a 6 atomi di carbonio, lineari o ramificati, non sostituiti o sostituiti con 
uno o piu sostituenti scelti tra gruppi aromatici, amminici primari, 
secondari e terziari, ammonici quaternari, carbossilici, ossidrilici, eterei, 
atomi di alogeni o porzioni saccaridiche, con la condizione che uno solo 
tra R, e R 2 sia sempre -(CH 2 ) 13 CH 3l 
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R 3 e R 4 sono scelti tra H e gruppi alchilici o alchilenici con da 2 a 6 atomi 
di carbonio, lineari o ramificati, non sostituiti o sostituiti con uno o piu 
sostituenti scelti tra gruppi aromatici, amminici primari, secondari e 
terziari, ammonici quaternari, carbossilici, ossidrilici, eterei, atomi di 
alogeni o porzioni saccaridiche, 

sono in grado di penetrare all'interno delle membrane bioiogiche ed 
indurre efficacemente I'apoptosi delle cellule cancerose. 
I composti di formula generate (I) oggetto della presente invenzione sono 
quindi risultati adatti alia preparazione di composizioni farmaceutiche per 
il trattamento di tumori. 

Rappresentano pertanto oggetto della presente invenzione i composti di 
formula generate (I), il relativo processo di preparazione ed il loro uso 
per la preparazione di composizioni farmaceutiche utili nel trattamento di 
tumori. 

Le caratteristiche ed i vantaggi dei composti di formula generate (I) 
secondo la presente invenzione saranno illustrati in dettaglio nella 
seguente descrizione. 

DESCRIZIONE DETTAGLIATA DELL'INVENZIONE 
La. presente invenzione si riferisce ai composti di formula generate (I) 
come sopra definiti. Tali composti (I) si sono rivelati in grado di penetrare 
all'interno delle membrane bioiogiche ed indurre efficacemente I'apoptosi 
delle cellule cancerose. Particolarmente efficaci e con una alta 
citotossicita sono risultati i seguenti composti: 

• composto di formula (I) in cui X, = S, X 2 = O. R, = -(CH 2 ) 13 CH 3 , R 2 = 
etile, e R 3 = R 4 = H [composto (3)J. 
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• composto di formula (I) in cui X, = X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = etile, 
e R 3 = R 4 = H [composto (4)J. 

• composto di formula (I) in cui X, = X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = n - 
propile, e R 3 = R, = H [composto (6)J. 

• composto di formula (I) in cui X, = X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = i- 
butile, e R 3 = R4 = H [composto (10)]. 

II processo di preparazione dei presenti composti di formula (I) in cui R 3 
= R 4 = H comprende i seguenti stadi: 

i) reazione dell'etil estere (II) con il cloruro acilico (III) per ottenere il p- 
chetoestere di formula (IV): 




o 



(») (HI) (IV) 

ii) reazione del p-chetoestere di formula (IV) con tiourea (V) per ottenere 
il composto di formula (I) in cui X, e S e X 2 e O: 




( ,v ) (V) (|) 

Hi) reazione del composto di formula (I) in cui X, e S e X 2 e O con acido 
cloroacetico a riflusso per ottenere il composto di formula (I) in cui X, = 

X 2 = O: 
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0) (I) 
dove X„ X 2 , e R 2 hanno i significati sopra indicati. 

Lo stadio i) del presente processo e generalmente condotto in un 

solvente organico, ad esempio THF, alia temperature di 0°C. Tale 

reazione e preferibilmente condotta in atmosfera inerte. 

II prodotto di reazione di formula (IV) pub essere recuperato dalla 

miscela di reazione per aggiunta di una soluzione satura di NH 4 CI e 

successiva estrazione con etere etilico. 

Lo stadio ii) del presente processo e condotto mediante aggiunta di 
tiourea in etanolo ed etossido di sodio, sul prodotto grezzo di reazione 
proveniente dallo stadio i), senza bisogno di effettuare alcuna 
purificazione. Alio stadio ii) la temperature e mantenuta preferibilmente 
attorno ai 90°C. II prodotto di reazione viene generalmente recuperato 
dalla miscela di reazione per acidificazione a pH 2, ad esempio per 
aggiunta di HCI cone, e filtrazione del precipitato formatosi, che puo 
essere eventualmente purificato mediante lavaggi con acetone. 
II prodotto di reazione ottenuto alio stadio ii) puo essere ulteriormente 
purificato mediante cromatografia su gel di silice, preferibilmente 
utilizzando come eluente la miscela acetato di etile : etere di petrolio in 
rapporto 2:1. 

Lo stadio iii) del processo secondo la presente invenzione viene 

generalmente condotto aggiungendo al prodotto proveniente dallo stadio 
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THF anidro, precedentemente raffreddata a 0°C. La miscela risultante e 
mantenuta sotto agitazione a temperatura ambiente per 12 ore, e quindi 
addizionata di una soluzione satura di NH 4 CI. Si separa la fase organica 
da quella acquosa, che viene poi estratta con etere etilico. Gli estratti 
organici vengono riuniti, lavati con soluzione acquosa satura di NaCI, 
seccati con Na 2 S0 4 anidro e quindi evaporati a secchezza per fomire un 
residuo grezzo (1,20 g) costituito quasi esclusivamente dal p-chetoestere 
(IV) in cui R 2 = -(CH 2 ) 13 CH 3 e R, = etile. fH-NMR (CDCI 3 , 200 MHz) 8 
0.83-0.94 (m, 6H), 1.07 (t, 3H, J = 7.4 Hz), 1.15-1.36 (m, 24H), 1.81-2.02 
(m, 2H), 2.11-2.57 (m, 2H), 3.34 (t, 1H, J = 7.3 Hz), 4.15 (q, 2H, J = 7.3 
Hz). MS m/e 340 M*]. 

II residuo grezzo (1 ,20 g) contenente il p-chetoestere (IV) in cui R 2 = - 
(CH 2 ) 13 CH 3 eR, = etile, cosi ottenuto, viene disciolto in 20 ml di etanolo 
assoluto e quindi addizionato con 3,61 g di tiourea (47.5 mmoli) e 6,47 g 
di sodio etossido (95.1 mmoli). La miscela risultante e mantenuta sotto 
agitazione per 1 ora a 90°C. Dopo raffreddamento fino a temperatura 
ambiente, la miscela di reazione e filtrata ed il filtrato e evaporato a 
secchezza; il residuo cosi ottenuto viene quindi ripreso con una miscela 
acqua : THF in rapporto 10 : 1 fino a completa solubilizzazione. La 
soluzione, raffreddata a 0°C, e acidificata a pH 2 con HCI cone; il 
precipitato formatosi, filtrato e lavato con piccole quantita di acetone, 
fornisce un residuo grezzo che viene purificato per cromatografia su gel 
di silice eluendo con acetato di etile : etere di petrolio in rapporto 2:1, 
ottenendo infine 290 mg (0,82 mmol; resa = 26%) del composto 
desiderato di formula (I) (p.f. = 167-169 8 C; 'H-NMR (CDCI 3 , 200MHz) 5 
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0.89 (t, 3H, J = 6.2 Hz), 1.09 (t, 3H, J = 7.4 Hz), 1.17-1.36 (m, 24H), 
2.34-2.49 (m, 4H), 8.88 (br, 1H, D 2 0 scambiabile), 9.81 (br, 1H, D 2 0 
scambiabile); MS m/e 352 M*). 
ESEMPIO 2 

Preparazione del comnosto di formul a (\) in oni X , = X. = Q. R., = - 
(OUUCH,. R< = etile. e = R 1 = H (2) 

160 mg (0,45 mmol) del prodotto (1) ottenuto come descritto 
nell'Esempio 1 vengono addizionati di 1 1 ,4 ml di una soluzione acquosa 
di acido cloroacetico al 10%, e la miscela cosi ottenuta e riscaldata per 
12 ore a riflusso. II precipitato risultante e quindi filtrato, lavato con 
etanolo assoluto e successivamente con etere etilico, per ottenere un 
residuo grezzo che, purificato mediante cromatografia su gel di silice, 
usando come eluente una miscela acetato di etile : esano in rapporto 1 : 
2 ha permesso di ottenere 48 mg (0,14 mmol, resa = 32%) del composto 
desiderata puro (p.f. 132-134°C; 'H-NMR (CDCI 3 , 200MHz) 5 0.87 (t, 3H, 
J = 6.2 Hz), 1.06 (t, 3H, J = 7.4 Hz), 1.15-1.36 (m, 24H), 2.31-2.49 (m, 
4H), 9.06 (br, 1H, D 2 0 scambiabile), 9.89 (br, 1H, D 2 0 scambiabile); MS 
m/e 336 M*). 
ESEMPIO 3 

Preparazione del comnosto di formul a (l) in cui X , = S. X, = o r 1 = - 
fCM, UCH,. R, = etile. eR, = R, = H (3) 

Una soluzione ottenuta sciogliendo 1 g di etil palmitato (3.52 mmoli) in 3 
ml di THF anidro viene aggiunta goccia a goccia, alia temperatura di 0°C 
e sotto atmosfera di argon, a 2,1 ml di una soluzione 2M di litio 
diisopropilammide (LDA) in THF anidro. Dopo 30 minuti di agitazione alia 
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temperatura di 0°C, la miscela di reazione e aggiunta ad una soluzione 
ottenuta sciogliendo 2,39 g di propionil cloruro (4.23 mmoli) in 5 ml di 
THF anidro. La miscela risultante e mantenuta sotto agitazione a 
temperatura ambiente per 12 ore e quindi addizionata con una soluzione 
satura di NH 4 CI. La fase organica viene separata da quella acquosa, che 
e quindi estratta con etere etilico. Gli estratti organici vengono riuniti, 
lavati con soluzione acquosa satura di NaCI, seccati su Na 2 S0 4 anidro e 
quindi evaporati a secchezza per fornire 1,31 g di un residuo grezzo 
costituito quasi esclusivamente dal p-chetoestere (IV) in cui R, = - 
(CH 2 ) 13 CH 3 e R 2 = etile. [ 1 H-NMR (CDCI 3 , 200 MHz) 8 0.79-0.92 (m, 6H), 
1.11 (t, 3H, J= 7.6 Hz), 1.17-1.39 (m, 24H), 1.48-1.62 (m, 2H), 2.26 (q. 
2H, J = 7.6 Hz), 3.36 (t, 1H, J = 7.3 Hz), 4.15 (q, 2H, J = 7.2 Hz) ; MS 
m/e 340 M*J. 

1,31 g del residuo grezzo contenente il p-chetoestere (IV) in cui R, = - 
(CH 2 ) 13 CH 3 e R 2 = etile, cosi ottenuto, vengono sciolti in 20 ml di etanolo 
assoluto, e alia soluzione cosi ottenuta vengono aggiunti 4,01 g di 
tiourea (52,8 mmoli) e 7,18 g di sodio etossido (105,6 mmoli). La miscela 
risultante e mantenuta sotto agitazione per 1 ora a 90°C. Dopo 
raffreddamento fino a temperatura ambiente, la miscela di reazione e 
filtrata ed il filtrato viene evaporato a secco ; il residuo cosi ottenuto 
viene quindi trattato con una miscela di acqua : THF in rapporto 10 : 1 
fino a completa solubilizzazione. La soluzione ottenuta, raffreddata a 
0°C, e portata a pH 2 con HCI cone; il precipitato formatosi per 
acidificazione, filtrato e lavato con piccole quantita di acetone, consente 
di ottenere un residuo grezzo che, purificato per cromatografia su gel di 

11 
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silice usando come eluente la miscela acetato di etile : etere di petrolio in 
rapporto 2:1, fornisce 310 mg (0,88 mmol ; resa = 25%) di un prodotto 
che risulta essere il composto desiderato 3 pure- (p.f. 100-102°C; 1 H- 
NMR (CDCI 3 , 200MHz) 8 0.88 (t, 3H, J = 6.4 Hz), 1 .01 (t, 3H, J = 7.4 Hz), 
1.18-1.38 (m,24H), 2.35 (t, 2H, J = 7.4 Hz), 2.48 (q, 2H, J = 7.6 Hz), 
9.08 (br, 1H, D 2 0 scambiabile), 9.73 (br, 1H, D z O scambiabile) ; MS m/e 
352 M*). 

ESEMPIO 4 

Preparatory del comnnsto di formula m in oii X. = X. = O R , = - 
(£M,UCH„ R. = etilft 1. R, = R, = H (4) 

A 160 mg (0,45 mmol) del composto (3) ottenuto come descritto 
nell'Esempio 3 vengono aggiunti 11,4 ml di una soluzione acquosa di 
acido cloroacetico al 10%, e la miscela cosi ottenuta e riscaldata per 12 
ore a riflusso. II precipitato risultante viene filtrato, lavato prima con 
etanolo assoluto, quindj con etere etilico, per ottenere un residuo grezzo 
che, purificato per cromatografia su gel di silice, eluendo con una 
miscela acetato di etile : esano in rapporto 1 : 2, consente di ottenere 57 
mg (0,17 mmol ; resa = 38%) del composto (4) (p.f. 110-112°C ; 'H-NMR 
(GDCI3, 200MHz) 6 0.89 (t, 3H, J = 6.4 Hz), 1 .02 (t, 3H, J = 7.4 Hz), 1.12- 
1.42 (m, 24H), 2.34 (t, 2H, J = 7.2 Hz), 2.49 (q, 2H, J = 7.6 Hz), 9.15 (br, 
1H, D 2 0 scambiabile), 9.53 (br, 1H, D 2 0 scambiabile) ; MS m/e 336 M*). 
ESEMPIO 5 

Preparazione del comnosto di formula m in ™,j y r = s . x. = n ^ =^ 

fCHO^CH,. R, = n- Pr npii e , eR. = R, = H (5) 
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II composto (5) e stato preparato seguendo una procedure analoga a 
quella descritta nell'Esempio 3, ottenendo un prodotto per II quale e 
risultato: MS m/e 366 M*. 
ESEMPIO 6 

Prepgrgzione del cnmnosto m formu l a m in y n = x . = o r , = _ 

II composto (6) e stato preparato seguendo una procedura analoga a 
quella descritta nell'Esempio 4, ottenendo un prodotto per il quale e 
risultato: MS m/e 350 M*. 
ESEMPIO 7 

Prepgra^one del comnosto d\ fn rmy ^ m in r,„- y. = s x ~ = n r, 
{ChU)«,CH v R ? = n-h l .tj| C>[ £ _B 3 _=_p u _=jj (7) 

II composto (7) e stato preparato seguendo una procedura analoga a 
quella descritta nell'Esempio 3, ottenendo un prodotto per il quale e 
risultato: MS m/e 380 M\ 
ESEMPIO 8 

Prepara7jone del comnosto di fnrmnlfl (|) in nni V , = x. = n R| = . 

fCH ' ) " CK - R - = n-Mif? s R, - R, - H (8) 

II .composto (8) e stato preparato seguendo una procedura analoga a 
quella descritta nell'Esempio 4, ottenendo un prodotto per il quale e 
risultato: MS m/e 364 M*. 
ESEMPIO 9 

Prepargzione del comnosto di fnrgn. ^ m in cm X , = s. x. = p p i( =^ 

(gfckliaChLJR., = i-bntifo, * R, = R 1 = ^ ( 9 ) 
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II composto (9) e stato preparato seguendo una procedure analoga a 
quella descritta nell'Esempio 3, ottenendo un prodotto per il quale e 
risultato: MS m/e 380 M*. 
ESEMPIO 10 

Prepargzione del comnosto di form u la (\) in p..i y t = x. - Q - p, 
fCHU.CH... R~ = i-hntii^ e_B 3 _=_B 4 _=Jj (10) 

II composto (10) e stato preparato seguendo una procedure analoga a 
quella descritta nell'Esempio 4, ottenendo un prodotto per il quale e 
risultato: MS m/e 364 M*. 
ESEMPIO 11 

Prepargzione del comnosto di form ula m in mi x . = S. x ; = p. r 1 = . 
iCfcy.^CM,, = neopentila p R, = p , = fcj (1 1 ) 

II composto (11) e stato preparato seguendo una procedure analoga a 
quella descritta nell'Esempio 3, ottenendo un prodotto per il quale e 
risultato: MS m/e 394 M\ 
ESEMPIO 12 

Prepgrazjpne del comnosto di formula m j n r.u\ y, = x , = o &_=_. 
iC_H,)„CH r R. = nPop» n tj| ft| g_R^=_R^=Jj (12) 

ILcomposto (12) e stato preparato seguendo una procedure analoga a 
quella descritta nell'Esempio 4, ottenendo un prodotto per il quale e 
risultato: MS m/e 378 M\ 
ESEMPIO 13 

Prepgrezione del comnosto di formula m in n . j y = s x . = o r, = _ 

IChDnCH-.. R, = 2-fenil-PtilA p R, = R, = H (13) 
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II composto (13) e stato preparato seguendo una procedura analoga a 
quella descritta nell'Esempio 3, ottenendo un prodottp per il quale e 
risultato: MS m/e 428 M*. 
ESEMPIO 14 

Preparazjone del comnosto di form u la m in n.j x t = X. = Q. R, 
iCBAXH. = 2-fenil-gtil* p R n = p, = H (14) 

II composto (14) e stato preparato seguendo una procedura analoga a 
quella descritta nell'Esempio 4, ottenendo un prodotto per il quale e 
risultato: MS m/e 412 M*. 
TEST DI CITOTOSSICITA' 

La citotossicita dei composti sintetizzati come descritto negli Esempi 1- 
14 e stata valutata utilizzando una linea cellulare di leucemia umana 
denominata CCRF/CEM. Le cellule CCRF/CEM sono state coltivate in 
mezzo di coltura contenente RPMI 1640 (90%), siero fetale bovino (10%) 
e interleuchina 2 (100 U/ml). II saggio di citotossicita e stato effettuato su 
104 cellule CCRF/CEM seminate in pozzetti da 35 mm in 2 ml di mezzo 
di coltura. Le cellule sono state trattate per 72 ore con i composti in 
esame e al termine del periodo di esposizione il loro numero e stato 
misurato e confrontato con quello di cellule di controiic- trattate con C 2 - 
ceramide al fine di determinare la percentuale di inibizione della crescita. 
La concentrazione in grado di inibire il 50% della crescita cellulare e 
stata calcolata per regressione non lineare dei dati sperimentali come 
descritto in M. Macchia, N. Jannitti, G.B. Gervasi, R. Danesi, J. Med. 
Chem., (1996) 39 (7): 1352-1356. 
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I valori di IC^ espressi in \±M cosi ottenuti sono riportati nella seguente 
Tabella: 



Composto 


ICso (nM) 


contralto 


31,6 


(3) 


1,7 


(4) 


6,3 


(6) 


0,97 


(9) 


13,2 


(10) 


8,7 


(11) 


20 


(12) 


29,1 


(13) 


20,7 


(14) 


15,6 
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RIVENDICAZIONI 

1. Composti di formula generate (I) : 




x 2 (l) 

in cui 

X, e X 2 sono sceiti tra O e S; 

R, ed R 2 sono sceiti tra -(CH 2 ) 13 CH 3 e gruppi alchilici o alchilenici con da 
2 a 6 atomi di carbonio, linear! o ramificati, non sostituiti o sostituiti con 
uno o piu sostituenti sceiti tra gruppi aromatici. amminici primari, 
secondari e terziari, ammonici quaternari, carbossilici. ossidrilici, eterei, 
atomi di alogeni o porzioni saccaridiche, con la condizione che uno solo 
tra R, ed R 2 sia sempre -(CH 2 ) 13 CH 3 ; 

e R 3 e R 4 sono sceiti tra H e gruppi alchilici o alchilenici con da 2 a 6 
atomi di carbonio, lineari o ramificati, non sostituiti o sostituiti con uno o 
piu sostituenti sceiti tra gruppi aromatici, amminici primari, secondari e 
terziari, ammonici quaternari, carbossilici, ossidrilici, eterei, atomi di 
alogeni o porzioni saccaridiche. 

2. 1 composti di formula generate (I) secondo la rivendicazione 1 , in cui: 

a) X, = S, X 2 = O, R, = etile, R 2 = -(CH 2 ) 13 CH 3 , e R 3 = R 4 = H [composto 
(1)1; 

b) X, = X 2 = O, R, = etile. R 2 = -(CH 2 ) 13 CH 3 , e R 3 = R 4 = H [composto (2)]; 

c) X, = S, X 2 = O, R 1 = -(CH 2 ) 13 CH 3 , R 2 = etile, e R 3 = R 4 = H (composto 
(3)]; 

17 
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d) X, = X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = etile, e R 3 = R 4 = H [composto (4)]; 

e) X, =S, X 2 = O, R, = -(CH 2 ) 13 CH 3 . R 2 = n-propile, e R 3 = R 4 = H 
[composto (5)J; 

f) X, = X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = n-propile, e R 3 = R 4 = H [composto 
(6)]; 

9) X, =S. X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = n-butile, e R 3 = R 4 = H 
[composto (7)]; 

h) X, = X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = n-butile, e R 3 = R 4 = H [composto 

m 

i) X, =S. X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = i-butile, e R 3 = R 4 = H [composto 

(9) ]; 

I) X, = X 2 = O, R, = -(CH 2 ) 13 CH 3( R 2 = i-butile, e R 3 = R 4 = H [composto 

(10) ]; 

m) X, =S, X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = neopentile, e R 3 = R 4 = H 
[composto (11)]; 

n) X, = X 2 = O, R, = -(CH 2 ) 13 CH 3) R 2 = neopentile, e R 3 = R 4 = H 
[composto (12)]; 

o) X, =S, X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = 2-fenil-etile, e R 3 = R 4 = H 
[composto (13)]; 

P) X, = X 2 = O, R, = -(CH 2 ) 13 CH 3 , R 2 = 2-fenil-etile, e R 3 = R 4 = H 
[composto (14)]. 

3. Processo per la preparazione dei composti di formula (I) in cui R 3 = R 4 
= H descritti nelle rivendicazioni 1 e 2, detto processo comprendendo i 
seguenti stadi : 
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i) reazione dell'etil estere (II) con il cloruro acilico (III) per ottenere il p- 
chetoestere di formula (IV); 

ii) reazione del p-chetoestere dl formula (IV) con tiourea (V) per ottenere 
il composto di formula (I) in cui X, e S e X 2 e O; 

Hi) reazione del composto di formula (I) in cui X, e S e X 2 e O con acido 
cloroacetico a riflusso per ottenere il composto di formula (I) in cui X, = 
X 2 = 0, 

dove X„ X 2 , R, e R 2 hanno i significati indicati nelle rivendicazioni 1 e 2. 

4. Composizioni farmaceutiche comprendenti come principio attivo una 
almeno uno dei composti di formula generate (I) descritti nelle 
rivendicazioni 1 e 2, e/o loro derivati o sali farmaceuticamente accettabili, 
insieme ad eccipienti e/o diluenti. 

5. Uso dei composti di formula generate (I) descritti nelle rivendicazioni 1 
e 2 per la preparazione di composizioni farmaceutiche utili nel 
trattamento dei tumori. 

(BRA) 

Firenze, 21 Luglio 1999 



p. BRACCO S.p.A. 
il Mandatario 




Dr. Livio Brighenti 
della NOTARBARTOLO & GERVASI 
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CERAMIDE ANALOGS, PROCESS FOR THEIR PREPARATION AND THEIR 
USE AS ANTITUMOR AGENTS 
Field of the invention 

The present Invention concerns the ceramide analog compounds of the general 
5 formula (I) specified below, their corresponding preparation process, and their use 
in the preparation of pharmaceutical formulations with an antitumor effect. 
State of the art 

Ceramides are lipids composed of a fatty acid and sphingosine joined together by 
an amide link; they are generated by sphingomyelin, a sphingolipid occurring in 
10 the membranes of eukaryote cells due to the action of the enzyme 
sphingomyelinase, or they are synthesized by the action of the enzyme ceramide 
synthetase. 

Sphingolipids such as sphingomyelin have always been considered as stable and 
metabolically inactive structural components of the membranes. It is only in the 

15 last decade that it has been demonstrated, instead, that sphingolipids have an 
active role in the mechanisms regulating cell response to exogenous stimuli, as 
well as in regulating cell growth, differentiation, transformation and adhesion, 
ft has also recently been demonstrated that the products of the demolition of 
sphingolipids. i.e. ceramides and sphingosine, play an important part in regulating 

20 the transmission mechanisms of the signals controlled by the membrane 



sphingolipids (Teruyuki Sakai et al., Exp Opin Ther Patents [1988] 8 [12]: 1673- 
1682). In particular, the distinctive characteristic of these products seems to be 
their involvement in the antiproliferative mechanisms of cell regulation, such as cell 
growth inhibition, the induction of cell differentiation and programmed cell death, or 
apoptosis. 

Apoptosis has recently been the object of numerous studies (e.g. Ross A. Kinloch 
et al., TiPS, Jan 1999 [20]: 35-42), because this phenomenon lends itself to 
pharmacological "manipulation": in fact, a reduction in the frequency of the onset 
of cell apoptosis can have severe pathological consequences and facilitate tumor 
growth, hence the therapeutic potential of all those compounds that are capable of 
stimulating apoptosis. 

From in-depth studies it has emerged that the ceramides in the cell membranes 
act as intracellular "effectors" of apoptosis, and therefore as potential inhibitors of 
tumor growth. 

In order to boost this capacity of the endogenous ceramides pharmacologically, 
the ideal strategy seems to be to develop endogenous ceramide analogs that 
mimic their effects, are stable in relation to metabolization of the sphingosine 
ceramide and have an inhibitory effect on the ceramidase in order to prevent the 
generation of sphingosine, which represents a factor that stimulates proliferation; 
starting from the endogenous sources of ceramides. 

Such ceramide analogs should also have the capacity to penetrate the cell 
membrane. 

There is consequent a need for ceramide analog compounds that are capable of 
crossing the cell membranes, penetrating inside the cells and mimicking the 



various properties of the ceramides, and particularly that of inducing apoptosis in 
human cancer cells. 
Summary of the invention 

The Applicant has now surprisingly discovered that the ceramide analog 
compounds of formula (I): 




(I) 



Xi and X2 are selected between O and S; 

R1 and R 2 are selected between -{CH 2 )i3CH 3 and alkyl or alkylene groups with 
from 2 to 6 carbon atoms, linear or branching, unsubstituted or substituted with 
one or more substituents selected among aromatic, primary, secondary and 
tertiary aminic, quaternary ammonium, carboxylic, hydroxylic, polyoxyalkylic and 
ethereal groups, aminoacids, halogen atoms or saccharidic portions, providing that 
between Ri and R 2 only one is always -(CH 2 )i3CH3, 

R3 and R4 are selected between H and alkyl or alkylene groups with from 2 to 6 
carbon atoms, linear or branching, unsubstituted or substituted with one or more 
substituents selected among aromatic, primary, secondary and tertiary aminic, 
quaternary ammonium, carboxylic, hydroxylic, polyoxyalkylic and ethereal groups, 
aminoacids, halogen atoms or saccharidic portions, 

are capable of penetrating inside the biological membranes and effectively 
inducing apoptosis of the cancer cells. 
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The compounds of the general formula (I) considered in the present invention 
have therefore proved suitable for the preparation of pharmaceutical formulations 
for the treatment of tumors. 

The object of the present invention is therefore represented by the compounds of 
the general formula (I), their corresponding preparation process, and their use in 
the preparation of pharmaceutical formulations for use in the treatment of tumors. 
The characteristics and advantages of the compounds of the general formula (I) 
according to the present invention will be illustrated in detail in the following 
description. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention refers to the compounds of the general formula (l) f as 
defined above. Said compounds (I) have proved capable of penetrating inside the 
biological membranes and effectively inducing the apoptosis of cancer cells. The 
following compounds have proved particularly effective and highly cytotoxic: 

• compound of formula (I) where Xi= S. X 2 = O, Ri = -(CH 2 )i 3 CH 3 , R2 = ethyl, 
and R3 = R4 = H [compound (3)]; 

• compound of formula (I) where Xn= X 2 = O, R1 = -<CH 2 ) 13 CH 3 , R2 = ethyl, and 

• R 3 = R4 = H [compound (4)]; 

• compound of formula (I) where Xi= X 2 = O, R1 = -(CH 2 ) 13 CH 3 , R2 = n-propyl, 
and R 3 = R4 = H [compound (6)]; 

• compound of formula (I) where Xi= X 2 = O, R1 = -<CH 2 ) 13 CH 3 , R 2 = /-butyl, and 
R 3 = R4 = H [compound (10)]; 

The present compounds of formula (I) can be conveniently prepared by processes 
well known in the art. For example, a process for the preparation of the present 



5 

compounds of formula (I) wherein R 3 = R4 = H includes the following steps: 

i) reaction of the ethyl ester (II) with acid chloride (III) to obtain the ft-ketoester of 

formula (IV): 




o 



5 (II) (III) (IV) 

ii) reaction of the R-ketoester of formula (IV) with thiourea (V) to obtain the 
compound of formula (I) where Xi= S, X 2 = O: 
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(IV) (V) (I) 

iii) reaction compound of formula (I) where Xi= S. X 2 = O, with refluxed 
chloroacetic acid to obtain the compound of formula (I) wherein Xi= X2 = O: 
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(I) (I) 

wherein Xi, X2, R1 and R 2 have above-specified meanings. 
Step i) of the said process is generally carried out in an organic solvent, such as 
20 THF, at a temperature of 0°C. Said reaction is preferably carried out in an inert gas 
atmosphere. 




6 

The reaction product of formula (IV) can be recovered from the reaction mixture by 
addition of a saturated NH 4 CI solution and subsequent extraction with diethyl ether. 
Step ii) of the present process is carried out by means of the addition of thiourea in 
ethanol and sodium ethoxide on the raw reaction product coming from step i), without 

5 the need for any purification. In step ii) temperature is preferably maintained around 
90°C. The reaction product is generally recovered from the reaction mixture by 
acidification at pH 2, e.g. by adding cone. HCI f and filtration of the resulting 
precipitate, which can be purified, if necessary, by washing with acetone. 
The reaction product obtained in step ii) can be further purified by chromatography 

10 on silica gel, preferably using a mixture of ethyl acetate and petroleum ether in 
proportions of 2:1 as an eluant. 

Step iii) of the process according to the above procedure is generally carried out 
by adding chloroacetic acid to the product coming from step ii), e.g. in the form of 
a 10% aqueous solution, and reflux heated. The crude residue thus obtained can 
15 then be purified by washing with absolute ethanol and then with diethyl ether. 

The product coming from step iii) can be further purified by chromatography on 
silica gel, preferably using a mixture of ethyl acetate and hexane in proportions of 
1 :2 as an eluant. 

The present compounds of formula (I) wherein R3 and/or R4 are different from H, 
20 can be prepared from the ft-ketoester of formula (IV) or from the compounds of 
formula (I) wherein R 3 = R4 = H, obtained for example as explained above, by 
means of well-known processes. 

Other processes for the preparation of the present formula (I) compounds are 
disclosed in the examples. 
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The compounds of formula (I) according to the present invention can be 
formulated with pharmaceutical^ acceptable excipients and/or diluents in order to 
prepare pharmaceutical formulations suitable for the treatment of tumor 
pathologies. 

5 The following examples are given as a partial illustration of the present invention. 
EXAMPLE 1 

Preparation of the compound of formula (I) where Xi = S, X 2 = O, R 2 = - 
(CH 2 )i3CH 3 , Ri = ethyl, and R 3 = R4 ■ H [compound (1)] 

A solution prepared by dissolving 0.37 g of ethyl butyrate in 2 ml of anhydrous 
10 tetrahydrofuran (THF) is added drop by drop, at a temperature of 0°C and in an 
argon gas atmosphere, to 1 .9 ml of a 2M solution of lithiodiisopropylamine (LDA) 
in anhydrous THF. After 30 minutes of agitation at 0°C t the reaction mixture is 
added to a solution obtained by dissolving 1 g of pentadecanol chloride (3.8 mmol) 
in 5 ml of anhydrous THF, previously cooled to 0°C. The resulting mixture is 
15 constantly agitated at room temperature for 12 hours, then added to a saturated 
solution of NH4CI. The organic phase is separated from the aqueous phase, then 
extracted with diethyl ether. The organic extracts are combined, washed with a 
Saturated aqueous solution of NaCI, dried with anhydrous Na 2 S0 4 and then 
evaporated until dry to provide a crude residue (1.20 g) composed almost 
20 exclusively of B-ketoester (IV) where R 2 = -(CH 2 )i3CH 3 and R1 = ethyl. [ 1 H-NMR 
(CDCI3, 200 MHz) 5 0.83-0.94 (m, 6H), 1.07 (t f 3H, J = 7.4 Hz), 1.15-1.36 (m, 
24H), 1.81-2.02 (m, 2H), 2.11-2.57 (m, 2H), 3.34 (t, 1H, J = 7.3 Hz), 4.15 (q, 2H, J 
= 7.3 Hz). MS m/e 340 M*]. 

The resulting crude residue (1.20 g) containing the B-ketoester (IV) where R2 = - 
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(CH 2 ) 13 CH 3 and Ri = ethyl, is dissolved in 20 ml of absolute ethanol and then 
added to 3.61 g of thiourea (47.5 mmol) and 6.47 g of sodium ethoxide (95.1 
mmol). The mixture is agitated for 60 minutes at 90°C. After cooling to room 
temperature, the reaction mixture is filtered and the filtrate is evaporated until dry; 

5 the residue thus obtained is then restored with a mixture of water and THF in 
proportions of 10:1 until it has become completely soluble. The solution, cooled to 
0°C, is acidified to pH 2 with cone. HCI; the precipitate that develops is filtered and 
washed with small quantities of acetone and provides a crude residue that is 
purified by chromatography on silica gel using ethyl acetate and petroleum ether in 

10 proportions of 2:1 as an eluant, finally obtaining 290 mg (0.82 mmol; yield = 26%) 
of the required compound of formula (I) (m.p. = 167-169°C; [ 1 H-NMR (CDCI 3 , 200 
MHz) 8 0.89 (t, 3H, J = 6.2 Hz), 1.09 (t, 3H, J = 7.4 Hz). 1.17-1.36 (m, 24H), 2.34- 
2.49 (m, 4H), 8.88 (br, 1H, D z O exchangeable), 9.81 (br, 1H, D 2 0 exchangeable); 
MS m/e 352 M*). 

is EXAMPLE 2 

Preparation of the compound of formula (I) where Xi = X 2 = O, R 2 = - 
(CH 2 )i 3 CH 3 , Ri = ethyl, and Rs = R4 = H [compound (2)] 

160 mg (0.45 mmol) of the product (1) obtained as described in Example 1 are 
added to 1 1 .4 ml of a 1 0% aqueous solution of chloroacetic acid and the mixture 
20 thus obtained is reflux heated for 12 hours. The resulting precipitate is then 
filtered, washed first with absolute ethanol, then with diethyl ether, to obtain a 
crude residue that, after purification by chromatography on silica gel using a 
mixture of ethyl acetate and hexane in proportions of 1 :2 as an eluant, gave rise to 
48 mg (0.14 mmol, yield = 32%) of the required pure compound (m.p. = 132- 
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134°C; [ 1 H-NMR (CDCI 3 . 200 MHz) 8 0.87 (t, 3H. J - 6.2 Hz), 1.06 (t, 3H, J = 7.4 
Hz), 1.15-1.36 (m, 24H), 2.31-2.49 (m, 4H), 9.06 (br, 1H, D z O exchangeable), 9.89 
(br, 1H, D 2 0 exchangeable); MS m/e 336 M + ). 
EXAMPLE 3 

5 Preparation of the compound of formula (I) wherein Xi= S, X 2 s O, R-i = - 
(CH 2 )i 3 CH 3 , R2 = ethyl, and R 3 = R4 = H [compound (3)] 

A solution obtained by dissolving 1 g of ethyl palmitate (3.52 mmol) in 3 ml of 
anhydrous THF is added drop by drop, at a temperature of 0°C in an argon gas 
atmosphere, to 2.1 ml of a 2M solution of lithiodiisopropylamine (LDA) in 

10 anhydrous THF. After 30 minutes of agitation at 0 o C, the reaction mixture is added 
to a solution obtained by dissolving 2.39 g (4.23 mmol) of propionyl chloride in 5 
ml of anhydrous THF. The resulting mixture is constantly agitated at room 
temperature for 12 hours, then added to a saturated solution of NH 4 CI. The 
organic phase is separated from the aqueous phase, then extracted with diethyl 

is ether. The organic extracts are combined, washed with a saturated aqueous 
solution of NaCI, dried with anhydrous Na 2 S0 4 and then evaporated until dry to 
provide a crude residue (1.31 g) composed almost exclusively of (i-ketoester (IV) 
where R^ = -(CH 2 ) 13 CH 3 and R 2 = ethyl. [ 1 H-NMR (CDCI 3 . 200 MHz) 5 0.79-0.92 
(m, 6H), 1.11 (t, 3H, J = 7.6 Hz). 1.17-1.39 (m, 24H), 1.48-1.62 (m. 2H). 2.26 (q, 

20 2H, J = 7.6 Hz), 3.36 (t, 1H, J = 7.3 Hz), 4.15 (q. 2H, J - 7.2 Hz); MS m/e 340 M*]. 
1.31 g of the resulting crude residue containing the li-ketoester (IV) where R1 = - 
(CH 2 )i 3 CH3 and R 2 = ethyl, is dissolved in 20 ml of absolute ethanol and then 
added to 4.01 g of thiourea (52.8 mmol) and 7.18 g of sodium ethoxide (105.6 
mmol). The mixture is agitated for 60 minutes at 90°C. After cooling to room 



10 

temperature, the reaction mixture is filtered and the filtrate is evaporated until dry; 
the residue thus obtained is then treated with a mixture of water and THF in 
proportions of 10:1 until it has become completely soluble. The solution is cooled 
to 0°C and acidified to pH 2 with cone. HCI; the precipitate that develops due to 

5 acidification is filtered and washed with small quantities of acetone and provides a 
crude residue that is purified by chromatography on silica gel using ethyl acetate 
and petroleum ether in proportions of 2:1 as an eluant, finally obtaining 31 0 mg 
(0.88 mmol; yield = 25%) of a product that coincides with the required pure 
compound 3 (m.p. = 100-102°C; [ 1 H-NMR (CDCI 3 , 200 MHz) 5 0.88 (t, 3H. J = 6.4 

10 Hz), 1 .01 (t, 3H, J = 7.4 Hz), 1 .1 8-1 .38 (m, 24H), 2.35 (t, 2H, J = 7.4 Hz), 2.48 (q, 
2H, J = 7.6 Hz), 9.08 (br, 1H, D 2 0 exchangeable), 9.73 (br, 1H, D 2 0 
exchangeable); MS m/e 352 M*). 
EXAMPLE 4 

Preparation of the compound of formula (I) wherein X n = X 2 = O, Ri = - 
is (CH 2 )i 3 CH 3 , R 2 = ethyl, and R 3 ■ R» ■ H [compound (4)] 

160 mg (0.45 mmol) of the compound (3) obtained as described in Example 3 are 
added to 11.4 ml of a 10% aqueous solution of chloroacetic acid and the mixture 
thus obtained is reflux heated for 12 hours. The resulting precipitate is then 
filtered, washed first with absolute ethanol, then with diethyl ether, to obtain a 
20 crude residue that, after purification by chromatography on silica gel using a 
mixture of ethyl acetate and hexane in proportions of 1 :2 as an eluant, gave rise to 
57 mg (0.17 mmol, yield = 38%) of the compound (4) (m.p. = 110-112°C; [ 1 H-NMR 
(CDCIa, 200 MHz) 5 0.89 (t. 3H, J = 6.4 Hz). 1.02 (t, 3H, J ~ 7.4 Hz), 1.12-1.42 (m, 
24H), 2.34 (t, 2H, J = 7.2 Hz), 2.49 (q, 2H, J = 7.6 Hz), 9.15 (br, 1H, D 2 0 
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Compound (9) was prepared following a procedure similar to the one described in 
Example 3, obtaining a product which resulted in: MS m/e 380 M + . 
EXAMPLE 10 

Preparation of the compound of formula (I) wherein Xi = X 2 * O, R A = - 
5 (CH 2 ) 13 CH 3f R 2 =i-butyl, and R 3 = R* = H [compound (10)] 

Compound (10) was prepared following a procedure similar to the one described 
in Example 4, obtaining a product which resulted in: MS m/e 364 M*. 
EXAMPLE 11 

Preparation of the compound of formula (I) wherein Xi = S t X 2 = O, Ri = - 
10 (CH 2 ) 13 CH 3 , R 2 = neopentyl, and R 3 = R4 = H [compound (11)] 

Compound (1 1 ) was prepared following a procedure similar to the one described 
in Example 3, obtaining a product which resulted in: MS m/e 394 M*. 
EXAMPLE 12 

Preparation of the compound of formula (I) wherein Xi = X 2 = O, R1 = - 
15 (CH 2 )i 3 CH 3 , R 2 = neopentyl, and R$ = R4 = H [compound (12)] 

Compound (12) was prepared following a procedure similar to the one described 
in Example 4, obtaining a product which resulted in: MS m/e 378 M*. 
EXAMPLE 13 

Preparation of the compound of formula (I) wherein Xi = S, X 2 = O, R1 = - 
20 (CH 2 )i 3 CH 3v R 2 = 2-phenyl-ethyl, and R 3 = R4 ■ H [compound (13)] 

Compound (13) was prepared following a procedure similar to the one described 
in Example 3, obtaining a product which resulted in: MS m/e 428 M + . 
EXAMPLE 14 

Preparation of the compound of formula (I) wherein Xi = X 2 = O, R1 = - 
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(CH 2 )i3CH 3 , R2= 2-phenyl-ethyl, and R 3 = R4 = H [compound (14)] 
Compound (14) was prepared following a procedure similar to the one described 
in Example 4, obtaining a product which resulted in: MS m/e 412 M*. 
EXAMPLE 15 

Preparation of the compound of formula (I) wherein X1 =S f X2 = O, R1 = - 
(CH 2 )i 3 CH 3 , R 2 = -(CH 2 ) 3 NH 2 and R 3 = R4 = H [compound (15)] 

Scheme 1 
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Compound (15) was prepared following the procedure described in the above 
Scheme 1 . 

10 Synthesis of p-ketoester (32). 2.4 g (10 mmol) of 4-phthalimidoburyric acid (29) 
(prepared as described in G. Talbot, R. Gaudry, L Berlinguet Can. J. Chem. 1958, 
36, 593-596) was dissolved in 7.5 ml of SOCI 2 and the mixture was refluxed under 
nitrogen for 3 hours. Excess of SOCfe was then removed under a nitrogen flow and 
the resulting acid chloride (30) was used in the next step without further 
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purification. Separately, a solution of ethyl palmitate (31) (1.47 g, 5.16 mmo|) in 
anhydrous THF (6.5 ml) was slowly added to a 1.0 M solution of lithium 
bis(trimethylsilyl)amide (LHMDS) in THF (6.2 ml, 6.2 mmol) cooled at -20 °C and 
the resulting mixture was stirred for additional 20 minutes. Acid chloride (30) 

5 previously prepared as described above, was dissolved in anhydrous THF (10 ml), 
cooled at -2 0 °C, and added via cannula to the solution containing (31) and 
LHMDS at the same temperature. The mixture was stirred at -20 °C for 30 minutes 
and then at room temperature for 2 hours. The reaction was quenched with a 
saturated aqueous solution of ammonium chloride and extracted with ethyl 

10 acetate. The organic layer was dried over sodium sulfate and concentrated under 
vacuum. The crude residue was purified by silica gel column chromatography 
using hexane-ethyl acetate (8:2) as the eluant, to obtain 0.95 g (1.9 mmol, 37% 
yield) of pure p-ketoester (32) as a colorless oil: 1 H NMR (CDCI 3 , 200 MHz) 6 0.87 
(t, 3H, J = 6.4 Hz), 1.23 (t, 3H, J - 7.3 Hz), 1.24 (bs, 24H). 2.05 (quintet, 2H, J = 

15 7.2 Hz), 2.24-2.34 (m. 4H). 2.51 (t, 2H. J = 7.6 Hz), 3.78 (t. 1H, J = 6.9 Hz), 4.12 
(q, 2H, J = 7.1 Hz), 7.69-7.73 (m, 2H), 7.82-7.87 (m, 2H); MS (FAB*) m/z 500 
(M+H) + . 

Synthesis of thiouracil (15). p-Ketoester (32) (0.12 g, 0.24 mmol) was dissolved in 
2 ml of absolute ethanol. Thiourea (0.024 g, 0.33 mmol) and potassium f-butoxyde 
20 (0.028 g, 0.25 mmol) were added and the resulting mixture was refluxed for 5 
hours. The mixture was then cooled to room temperature and the solvent was 
removed under vacuum. The residue was treated with 20 ml of water and 
neutralized with an aqueous solution of acetic acid 0.5 N. The product was 
extracted with ethyl acetate and the organic layer was washed with brine, dried 
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Synthesis of methyl ester (34). A solution of acid (33) (1.15 g, 3.36 mmol) 
(prepared as in: A.G.M. Barrett, J.A. Flygare J. Org. Chem. 1991, 56, 638-642) in 
methanol (25 ml) was treated with 1.62 g (8.44 mmol) of 1-[3- 
(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (EDC). The resulting 

5 solution was stirred under nitrogen at room temperature for 3.5 hours. The solvent 
is then removed under vacuum and the residue was diluted with chloroform (100 
ml) and water (50 ml). The organic layer was washed with brine, dried over sodium 
sulfate and concentrated under vacuum. The crude residue was purified by silica 
gel column chromatography using hexane-ethyl acetate (9:1) as the eluant, to 

10 obtain 0.59 g (1.6 mmol, 49% yield) of pure ester (34) as a colorless oil: 1 H NMR 
(CDCI 3 , 200 MHz) 8 1.05 (s, 9H), 1.88 (tt, 2H, J = 7.7, 5.9 Hz), 2.47 (t, 2H, J = 7.5 
Hz), 3.66 (s, 3H). 3.68 (t. 2H, J = 6.0 Hz), 7.37-7.42 (m, 6H), 7.63-7.68 (m, 4H). 
Synthesis of B-ketoester (36). A solution of f-butyl acetate (35) (4.24 g, 36.5 mmol) 
in anhydrous THF (40 ml) previously cooled at -78 °C was added drop by drop via 

15 cannula under argon to a 1M solution of LHMDS in THF (51.5 ml, 51 .5 mmol). To 
the resulting solution, previously stirred at the same temperature for 30 minutes, 
was added drop by drop via cannula another solution of methyl ester (34) (4.07 g, 
1 1 .4 mmol) in anhydrous THF (20 ml) at -78 °C. The reaction mixture was stirred 
under argon for 20 minutes at the same temperature, and then 3 more hours at 

20 room temperature. The reaction was quenched with 400 ml of saturated aqueous 
solution of ammonium chloride and extracted with diethyl ether (2 x 300 ml). The 
organic layer was dried over anhydrous sodium sulfate and concentrated under 
vacuum. The crude residue was purified by silica gel column chromatography 
using hexane-diethyl ether (8:2) as the eluant, to obtain 2.8 g (6.4 mmol, 56% 



• 
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yield) of pure p-ketoester (36) as a colorless oil: 1 H NMR (CDCI 3 . 200 MHz) 6 1.04 
(s, 9H), 1.46 (s, 9H), 1.84 (quintet, 2H. J = 6.7 Hz). 2.66 (t, 2H, J = 7.3 Hz). 3.34 
(s. 2H). 3.67 (t. 2H. J = 6.0 Hz). 7.37-7.43 (m. 6H). 7.62-7.67 (m. 4H); MS (FAB*) 
m/z 441 (M+Hf , 385 (M+H-isobutene) + . 

Synthesis of alkylated p-ketoester (37). A solution of p-ketoester (36) (2.79 g, 6.34 
mmol) in anhydrous 1 ,2-dimethoxyethane (DME) (17 ml) was added to a solution 
of potassium fert-butoxide (0.85 g, 6.97 mmol) in anhydrous DME (7 ml). The 
resulting solution was stirred at room temperature for 20 minutes, after which time 
1.7 ml (1.6 g, 5.7 mmol) of 1 -bromotetradecane were added. The reaction mixture 
was stirred at 80 °C for 2 hours. The reaction was quenched with 150 ml of a 
saturated aqueous solution of ammonium chloride and extracted with diethylether 
(2 x 300 ml). The organic layer was washed with brine, dried over sodium sulfate 
and concentrated under vacuum. The crude residue was purified by silica gel 
column chromatography using hexane-diethyl ether (9:1) as the eluant, to obtain 
1.16 g (1.82 mmol, 32% yield) of pure mono-alkylated product (37) as a colorless 
oil: 1 H NMR (CDCI 3 . 200 MHz) 8 0.88 (t, 3H, J = 6.2 Hz), 1.04 (s, 9H). 1.25 (bs, 
24H). 1.43 (s, 9H), 1.76-1.89 (m, 4H), 2.64 (td, 2H. J = 7.3, 4.4 Hz), 3.13 (t, 1H, J 
= 7.3 Hz), 3.66 (t, 2H, J = 6.0 Hz). 7.34-7.43 (m. 6H). 7.62-7.67 (m, 4H); MS 
(FAB*) m/z 581 (M+H-isobutene)*, 563 (M-fBuO) + . 

Synthesis of thiouracil (16). A solution containing alkylated p-ketoester (37) (1.16 
g, 1.82 mmol) in absolute ethanol (24 ml) in a screw-cap sealed vial was treated 
first with 0.19 g (2.6 mmol) of thiourea and then with 0.25 g (2.0 mmol) of 
potassium fe/f-butoxide. The resulting solution was stirred at 100 °C for 6 hours. 
The solvent was then removed under vacuum. The residue was diluted with water 
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and neutralized to pH = 6-7 with 0.5 N acetic acid. The product was extracted with 
ethyl acetate. The organic layer was washed with brine, dried over anhydrous 
sodium sulfate and concentrated under vacuum. The crude residue was purified 
by silica gel column chromatography using hexane-diethyl ether (8:2) as the 

5 eluant, to obtain 0.52 g (0.84 mmol, 46% yield) of pure thiouracil product (16) as a 
colorless oil: 1 H NMR (CDCI 3 . 200 MHz) 8 0.87 (t, 3H, J = 6.2 Hz), 1.10 (s, 9H), 
1 .24 (bs, 24 H), 1 .74 (quintet, 2H. J = 6.8 Hz), 2.34 (t, 2H, J = 7.4 Hz), 2.60 (t, 2H, 
J = 7.5 Hz), 3.74 (t, 2H, J - 5.8 Hz), 7.40-7.46 (m, 6H), 7.66-7.70 (m, 4H), 9.29 
(bs, 1H), 9.55 (bs, 1H); MS (FAB*) m/z 547 (M+H-NHC(S)NHf. 

10 EXAMPLE 17 

Preparation of the compound of formula (I) where Xi =S, X 2 = O, Ri = - 
(CH 2 ) 13 CH 3 , R 2 = -(CH 2 ) 3 OH and Ra ■ R4 - H [compound (17)] 
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Scheme 3 



According to the above Scheme 3 the silyl ether 16 (0.16 g, 0.26 mmol) was 
15 treated with 0.8 ml of a 1 M solution of tetrabutylammonium fluoride (TBAF) in THF 
(0.8 mmol) under argon at room temperature for 2 hours. The solvent was then 
removed under vacuum and the residue was extracted with ethyl acetate. The 
organic layer was washed with brine, dried over sodium sulfate and concentrated 
under vacuum. The crude residue was purified by silica gel column 
20 chromatography using hexane-ethyl acetate (1:1) as the eluant, to obtain 0.079 g 
(0.21 mmol, 81% yield) of pure deprotected alcohol (17) as a white solid: m.p. 128- 
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130 °C; 1 H NMR (CDCI 3 , 200 MHz) 5 0.88 (t, 3H, J = 6.7 Hz), 1.25 (bs, 24H), 1.91 
(quintet, 2H. J = 6.1 Hz), 2.37 (pseudo t, 2H, J = 7.4 Hz), 2.67 (pseudo t, 2H, J - 
6.3 Hz). 3.84 (t. 2H, J = 5.6 Hz), 9.16 (bs, 1H), 10.52 (bs. 1H); MS (El,' 70 eV) m/z 
382 (M)\ 365 (M-OH) + . 323 (M-NHC=S) + . 
5 EXAMPLE 18 

Preparation of the compound of formula (I) where X1 =S, X 2 = O, Rt = - 
(CH 2 )i 3 CH 3 , R 2 = -(CH 2 ) 3 OC(0)CH 2 NH-Cbz and R 3 = R» = H [compound (18)] 



o o 




Scheme 4 

According to scheme 4 a solution of the alcohol (17) (0.038 g, 0.099 mmol) in 
10 anhydrous THF (2.5 ml) was sequentially treated with 0.031 g (0.15 mmol) of N- 
carbobenzyloxyglycine (W-Cbz-Gly), 0.034 g (0.18 mmol) of 1-[3- 
(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (EDC), and 0.0012 g 
(0.0096 mmol) of 4-(dimethylamino)pyridine (DMAP). The mixture was stirred at 
room temperature for 5 hours under argon. The solvent was removed under 
is vacuum and the residue was purified by silica gel column chromatography using 
hexane-ethyl acetate (1:1) as the eluant, to obtain 0.052 g (0.091 mmol, 92% 
yield) of product (18) as a thick syrup: 1 H NMR (CDCI 3 , 200 MHz) 8 0.87 (t, 3H, J = 
6.6 Hz). 1.25 (bs, 24H), 1.91 (m, 2H). 2.31 (t. 2H, J = 7.7 Hz). 2.47 (t. 2H. J = 7.7 
Hz), 4.07 (d. 2H, J = 5.9 Hz), 4.27 (t, 2H, J = 5.2 Hz). 5.24 (s. 2H), 5.52 (t. 1H, J = 
20 5.8 Hz). 7.31-7.38 (m. 5H). 10.09 (bs. 1H). 10.85 (bs 1H); MS (FAB*) m/z 574 
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(M+H)*, 532 (M-C(S)+Hf. 
EXAMPLE 19 

Preparation of the compound of formula (I) where X A =S, X2 ■ O, Ri ■ - 
(CH 2 ) 13 CH 3 , R 2 = -(CH 2 ) 3 OC(0)CH 2 NH2 and R 3 = R4 - H [compound (19)] 




5 Scheme 5 

According to the above scheme 5 a solution of Cbz-protected compound (18) 
(0.032 g, 0.055 mmol) in trifluoroacetic acid (1 ml) was treated with 0.22 mmol of 
freshly prepared boron tris(trifluoroacetate) (prepared as reported in: J. Pless, W. 
Bauer Angew. Chem. Int. Ed. 1973, 12, 147-148) at 0 °C under argon. The mixture 

10 was stirred for 1 hour at the same temperature and overnight at room temperature. 
The solvent was removed under vacuum and the residue was purified by silica gel 
column chromatography using a mixture dichloromethane : acetone 7 : 3 as the 
eluant, to obtain 0.020 g (0.045 mmol, 82% yield) of product (19) as a thick syrup: 
1 H NMR (CDCI3, 200 MHz) 8 0.87 (t, 3H, J - 6.4 Hz), 1.25 (bs, 24H), 1.72 (m, 2H), 

15 2.32 (m, 2H), 2.63 (m, 2H), 3.61 (t, 2H, J = 7.0 Hz), 4.30 (t, 2H, J = 6.6 Hz); MS 
(FAB*) m/z 365 (M-NHC(S)NH)*. 



£20 21 





* (m. 2H), 
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2.80 (dd. 1H, J = 16.6, 4.8 Hz), 2.93 (dd, 1H, J = 16.6. 5.0 Hz), 4.24-4.33 (m, 2H), 
4.48-4.54 (m, 2H). 4.67-4.72 (m. 1H), 5.97 (d, 1H), 7.29-7.43 (m, 5H), 7.62 (d, 2H, 
J = 7.2 Hz). 7.76 (d, 2H, J = 7.2 Hz). 9.59 (bs, 1H). 10.58 (bs, 1H). 
EXAMPLE 21 

5 Preparation of the compound of formula (I) where Xi =S, X2 - O, R1 - -{CH^CH* 



o 




and R 3 = R4 = H [compound (21)] 

o 

piperidine 
20 

o 

21 

Scheme 7 

10 According to the above scheme 7 a solution of Fmoc-protected product (20) (0.120 
g, 0.155 mmol) in anhydrous dichloromethane (5 ml) was treated with 0.020 g of 
piperidine (0.23 mmol). The mixture was stirred at room temperature for 30 
minutes. The solvent was removed under vacuum and the residue was purified by 
silica gel column chromatography (hexane - ethyl acetate 3:7) to afford 0.040 g 

is (0.072 mmol. 47 % yield) of product (20) as a syrup: 1 H NMR (CDCI 3 . 200 MHz) 8 
0.87 (t. 3H. J = 6.6 Hz), 1 .25 (bs. 24H). 1 .46 (s. 9H), 1 .94 (m. 2H). 2.33 (t 2H. J = 
7.2 Hz), 2.56 (t. 2H, J = 7.7 Hz), 2.76 (d. 2H. J = 5.9 Hz). 3.94 (t. 1H. J = 5.8 Hz), 
4.21-4.30 (m, 2H). 
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EXAMPLE 22 

Preparation of the compound of formula (I) where Xi =S, X2 = O, R, = -{CHzJiaCH^ 
o 



R? = 



> N^^O(CH 2 )3 

COOH 



and R 3 = R4 = H [compound (22)] 
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HOOC. 

TFA 
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Scheme 8 

According to the above scheme 8 the tert-Butyl ester (21) (0.020 g, 0.040 mmol) 
was treated with 0.2 ml of a 1:1 mixture of trifluoroacetic acid and 
dichloromethane. The mixture was stirred at room temperature for 1 hour. The 
solvent was removed under vacuum and the residue was purified by silica gel 
column chromatography (acetone - methanol, variable ratios from 100:0 to 50:50) 
to afford 0.012 g (0.021 mmol, 54 % yield) of product (20) as a syrup: 1 H NMR 
(CD3OD, 200 MHz) 8 0.89 (t, 3H, J = 6.8 Hz), 1.29 (bs, 24H), 1.97 (m, 2H), 2.35 
(m, 2H), 2.57 (m, 2H), 2.82 (m, 2H), 4.16-4.44 (m, 3H). 
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EXAMPLE 23 

Preparation of the compound of formula (I) where X| =S, X 2 = O, R-, = -(CH^wCHa, 




and R 3 = R4 = H [compound (23)] 

Scheme 9 



o 




Tf 2 0 
PhjSO 
MeOH 



CHCI3 



5 wherein Bn is benzyl. 

Glucose derivative (23) was prepared following a general procedure for direct 
glycosilation of alcohols with glucal donor (39) (as reported in: V. Di Bussolo, Y.-J. 
Kim, D.Y. Gin J. Am. Chem. Soc. 1998, 120, 13515-13516), as reported above in 
scheme 9. 

10 Trifluoromethanesulforiic anhydride (Tf 2 0) (0.030 ml, 0.18 mmol) was added to a 
solution of tri-O-benzil-D-glucal (39) (0.050 g, 0.12 mmol), diphenylsulfoxide 
(0.073 g, 0.36 mmol) and 2,4,6-tri-f-butylpyridine (0.104 g, 0.42 mmol) in dry 
chloroform (5 ml) (distilled over P 2 0 5 ) at - 40 °C. The reaction mixture was stirred 
at this temperature for 1 hour. Methanol (0.005 ml, 0.12 mmol) and triethylamine 
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(0.050 ml, 0.36 mmol) were added sequentially at -40 °C and the reaction mixture 
was stirred at this temperature for 30 minutes, then at 0 °C for 1 hour and at room 
temperature for 1 hour. A solution of alcohol derivative (17) (0.065 g, 0.17 mmol) 
in dry chloroform (4 ml) was added at 0 °C, via cannula. Zinc chloride (0.24 ml, 1.0 

5 M in diethyl ether, 0.24 mmol) was added at the same temperature, then the 
temperature was slowly warmed to room temperature and the reaction mixture 
stirred at this temperature for 12 hours. The reaction was diluted with chloroform 
(15 ml) and washed sequentially with saturated aqueous sodium bicarbonate 
solution (2x15 ml) and a saturated aqueous solution of sodium chloride (15 ml). 

10 The organic layer was dried (Na 2 S0 4 ) and concentrated, the residue was purified 
by silica gel column chromatography (hexane-ethyl acetate 6:4) to afford product 
(23) (0.055 g, 0.067 mmol, 56% yield) as a colourless oil: 1 H NMR (CDCI 3 ) 8 0.87 
(t, 3H, J = 6.3 Hz), 1.25 (bs, 24 H), 1.88 (quintet, 2H, J = 6.4 Hz), 2.44 (pseudo f, 
2H, J - 7.5 Hz), 2.65 (t, 2H, J = 6.6 Hz), 3.70-3.66 (m, 8H). 4.47 (d, 1H, J = 10.6 

is Hz), 4.52 (d, 1H, J = 12.1 Hz), 4.65 (d, 1H, J = 12.1 Hz). 4.80 (d. 1H, J = 10.8 Hz), 
4.86 (d, 1H, J = 11.4 Hz), 4.92 (d, 1H, J- 11.2 Hz), 5.12 (d, 1H, J = 9.2 Hz), 7.09- 
7.35 (m, 15H), 9.61 (bs, 1H), 1 1.29 (bs. 1H); MS (FAB*) m/z 815 (M+H) + . 
EXAMPLE 24 

Preparation of the compound of formula (I) where Xi = S, X 2 = O, Ri ■ 
20 -{CH 2 )i3CH 3 , R 2 = ethyl, R3 = -CH 2 COOC 2 H 5 , and R4 = H [compound (24)] 

Anhydrous (NH^SC^ (0.0013 g, 0.011 mmol) and 1,1,1,3,3,3- 
hexamethyldisilazane (HMDS) (0.75 ml, 3.41 mmol) were added, under argon 
atmosphere, to compound (3) (0.05 g, 0.14 mmol). The resulting suspension was 
heated at 130 °C and stirred at this temperature for 6 hours. The mixture was then 
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concentrated at room temperature under a flux of argon. Anhydrous THF (3 ml) 
was added, and the resulting solution was stirred at - 45°C. Trimethylsilyl triflate 
(TMS triflate) (0.03 ml, 0.145 mmol) and ethyl bromoacetate (0.046 g, 0.027 mmol) 
were sequentially added and the mixture was stirred at - 45 °C for 3 hours, then at 

5 room temperature for 1 hour. Saturated aqueous NaHC0 3 (3 ml) was added and 
THF was removed under vacuum. The residue was diluted with H2O (20 ml) and 
extracted with ethyl acetate (3x10 ml). The organic layer was dried with Na 2 S0 4 
anhydrous, and concentrated to dryness. The residue was purified by semi- 
preparative thin-layer column chromatography (hexane/ethyl acetate 7:3) to afford 

10 product (24) (0.010 g, 0.023 mmol, 16% yield) as a colourless oil: 1 H NMR (CDCI 3 , 
200 MHz) 8 0.87 (t, 3H, J = 6.6 Hz), 1.17 (t, 3H, J = 7.2 Hz), 1.25-1.43 (m, 27H), 
2.44 (pseudo t, 2H, J = 7.2 Hz), 2.54 (t, 2H, J = 7.5 Hz), 3.91 (s, 2H); 4.21 (q, 2H, 
J = 7.3 Hz), 10.88 (bs, 1 H); ); MS (FAB*) m/z 439 (M+H)*. 

15 According to procedures analogues to those above reported, the following 
compounds of formula (I) were prepared: 
- compound (I) wherein X1 =S, X 2 = O, R1 = -(CH 2 )i3CH 3 , 



and R 3 = R4 = H [compound (25)]; 
20 - compound (I) wherein ^ =S, X 2 = O, R1 = -(CH 2 )i3CH 3 , R 2 = -(CH 2 ) 3 Br and R 3 = 
R4 = H [compound (26)]; 

- compound (I) wherein X, =S, X 2 = O, R1 = -<CH 2 ) 13 CH 3 , 




OH 




and R 3 = R4 = H [compound (27)]; 

- compound (I) wherein Xi =S, X 2 = O, = -(CH 2 )i3CH 3 , R 2 = -(CH 2 ) 3 N(C 2 H 5 )3*Br 
and R 3 = R4 = H [compound (28)]. 
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CYTOTOXICITY TEST 

The cytotoxicity of the compounds synthesized 1-28 was assessed using a 
human leukemia cell line called CCRF/CEM. The CCRF/CEM cells were cultured 
in a culture medium containing RPMI 1640 (90%), bovine fetal sera (10%) and 

5 interleukin-2 (100 U/ml). The cytotoxicity assay was performed on 104 CCRF/CEM 
cells seeded in 35 mm wells in 2 ml of culture medium. The cells were treated with 
the compounds under consideration for 72 hours and at the end of the period of 
exposure their number was counted and compared with that of control cells 
treated with C 2 -ceramide in order to establish the percentage of growth inhibition. 

10 The concentration capable of inhibiting 50% of cell growth was calculated by non- 
linear regression of the experimental data as described in M. Macchia, N. Jannitti, 
G.B. Gervasi. R. Danesi, J Med Chem, (1 996) 39 (7): 1 352-1 356. 
The resulting values of IC50 expressed in uM are given in the following table: 



Compound 


ICso (uM) 


controls 


31.6 


(3) 


1.7 


(4) 


6.3 


(6) 


0.97 


(9) 


13.2 


(10) 


8.7 


(11) 


20 


(12) 


29.1 


(13) 


20.7 


(14) 


15.6 
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Claims 

1. Compounds of general formula (I) 




5 and X 2 are selected between O and S; 

Ri and R2 are selected between -(CH 2 )i3CH 3 and alkyl or alkylene groups with 
from 2 to 6 carbon atoms, linear or branching, unsubstituted or substituted with 
one or more substituents selected among aromatic, primary, secondary and 
tertiary aminic, quaternary ammonium, carboxylic, hydroxylic, polyoxyalkyl and 

10 ethereal groups, aminoacids, halogen atoms or saccharidic portions, providing that 
between Ri and R 2 only one is always -(CH 2 )i3CH 3 , 

R 3 and R4 are selected between H and alkyl or alkylene groups with from 2 to 6 
carbon atoms, linear or branching, unsubstituted or substituted with one or more 
substituents selected among aromatic, primary, secondary and tertiary aminic, 

15 quaternary ammonium, carboxylic, hydroxylic, polyoxyalkyl and ethereal groups, 
aminoacids, halogen atoms or saccharidic portions. 
2, The compounds of general formula (I) according to claim 1, where: 
X1 = S, X 2 = O, Ri = ethyl, R 2 = -(CH 2 )i3CH 3 . and R 3 = R4 = H (compound 1); 
X1 = X 2 = O, Ri = ethyl, R 2 = -(CH 2 )i 3 CH 3 , and R 3 = R4 = H (compound 2); 

20 Xi= S, X 2 = O, Ri = -(CH 2 )i 3 CH 3 , R 2 = ethyl, and R 3 = R4 = H (compound 3); 
X1 = X 2 as O, Ri = -(CH 2 )i 3 CH 3 , R 2 = ethyl, and R 3 = R4 = H (compound 4); 
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Xi = S. X2 = O, R1 = -<CH 2 )i3CH3, R2 = n-propyl, and R3 = R4 ■ H (compound S); 
X1 = X2 = O, R1 = -(CH2)i3CH3, R2 = n-propyl, and R3 = R4 = H (compound 6); 
X1 = S, X2 = O, R1 = -(CH2)i3CH3, R2 = n-butyl, and R3 = R4 = H (compound 7); 
X1 = X2 = O, R1 = -(CH 2 )i3CH3, R2= n-butyl, and R3 = R* = H (compound 8); 
5 X1 = S. X 2 = O, Ri = -(CH2)i3CH3, R2 = f-butyl, and R3 = R« - H (compound 9); 
X1 = X2 = O, R1 = -(CH2)i3CH3, R2=/-butyl, and R3 - R4 = H (compound 10); 
X1 = S. X2 = O, R1 = -(CH2)i3CH3, R2 = neopentyl, and R3 = R4 = H (compound 
11); 

X1 = X2 = O, R1 = -(CH 2 )i3CH3, R2= neopentyl, and R3 = R4 = H (compound 12); 
10 X1 = S. X2 = O, R1 = -(CH 2 )i3CH3, R2 = 2-phenyl-ethyl, and R3 = R» = H 
(compound 13); 

X1 = X2 = O, R1 = -(CH2)i3CH 3 , R2 = 2-phenyl-ethyl, and R3 = R4 = H (compound 
14); 

X1 = S, X2 = O, R1 = -(CH 2 )i3CH3, R2= -(CH2)3NH2. and R3 = R4 - H (compound 
15 15); 

X1 =S, X 2 = O, R1 = -(CH 2 )i3CH3, R2 = -(CH2) 3 OSiPh2f-Bu, and R3 = R4 = H 
(compound 16); 

X1 = S, X2 = O, R1 = -(CH 2 )i3CH3, R2 = -(CH 2 )30H, and R3 = R4 = H (compound 
17); 

20 X1 =S, X2 = O, R1 = -(CH 2 )i3CH 3 , R 2 = -(CH 2 )30C(0)CH2NH-Cbz, and R 3 = FU = H 
(compound 18); 

X1 =S, X 2 = O, R1 = -(CH 2 )i3CH3, R2 = -(CH2)30C(0)CH 2 NH 2 , and R 3 = R4 = H 

o 



(compound 19); p^ocnh^JL^ 
X1 =S. X 2 = O, R1 = -(CH 2 )i3CH3, R2 = I 



0(CH2>3- 



COOtBu 



and R 3 = R4 = H (compound 20); 
X1 =S, X 2 = O, R1 = -(CH 2 ) 13 CH 3 
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10 




OtCHah- 



COOtBu 

and R3 = R» = H (compound 21); 
X1 =S, X 2 = O, R1 = -(CH 2 )i3CH 3 



R 2 = 




0(CH2)3- 



COOH 



15 and R 3 = R4 = H (compound 22); 
X1 =S, X 2 = O, R1 = -(CH 2 ) 13 CH 3 



R 2 = 




0(CH2)3- 



20 OH 

wherein Bn is benzyl and R3 = R* = H (compound 23); 

X1 =S. X 2 = O, R1 = -(CH 2 )i 3 CH 3 , R 2 = ethyl, R 3 = -CH 2 COOC 2 H 5 , and R4 = H 
(compound 24); 

X1 =S, X 2 = O, R 1 = -(CH 2 )i 3 CH 3 



5 




and R 3 = R4 = H (compound 25); 

X n =S, X 2 - O, R1 = -(CHzJiaCHs, R 2 = -(CH 2 ) 3 Br, and R 3 = R4 = H (compound 26); 
X1 =S, X 2 = O, R1 = — (CH 2 )i3CH3 




and R 3 = R4 = H (compound 27); 
15 X, =S, X 2 = O. R1 = -(CH 2 ) 13 CH 3 . R 2 = -(CH 2 )3N(C 2 H 5 )3 + Br, and R 3 = R4 = H 
(compound 28). 

3. The compounds of general formula (I) according to claim 1, where: 

Xi= S, X 2 = O, R1 = -(CH^CHs. R 2 = ethyl, and R 3 = R* = H (compound 3); 
Xi= X 2 = O, R1 = -(CH 2 )i 3 CH 3 , R 2 = ethyl, and R 3 = R» = H (compound 4); 
20 Xi= X 2 = O, R1 = -(CH 2 )i 3 CH3, R 2 = n-propyl, and R 3 = R4 = H (compound 6); 
Xi= X 2 = O. R1 = -(CH 2 )i 3 CH 3 , R 2 = /-butyl, and R 3 = R4 = H (compound 10). 

4. Pharmaceutical preparations including as their active ingredient at least one of 
the compounds of the general formula (I) described in claims 1-3, and/or their 
pharmaceutically acceptable derivatives or salts, together with excipients and/or 
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diluents. 

5. Use of the compounds of the general formula (I) described in claims 1-3 for the 
preparation of pharmaceutical formulations. 

6. The use according to claim 5. for the preparation of pharmaceutical 
formulations for use in the treatment of tumours. 



# 
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ration and use for the preparation of pharmaceutical formulations 
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CERAMIDE ANALOGS, PROCESS FOR THEIR PREPARATION AND THEIR 
USE AS ANTITUMOR AGENTS 
Field of the invention 

The present invention concerns the ceramide analog compounds of the general 
5 formula (I) specified below, their corresponding preparation process, and their use 
in the preparation of pharmaceutical formulations with an antitumor effect. 
State of the art 

Ceramides are lipids composed of a fatty acid and sphingosine joined together by 
an amide link; they are generated by sphingomyelin, a sphingolipid occurring in 
10 the membranes of eukaryote cells due to the action of the enzyme 
sphingomyelinase, or they are synthesized by the action of the enzyme ceramide 
synthetase. 

Sphingolipids such as sphingomyelin have always been considered as stable and 
metabolically inactive structural components of the membranes. It is only in the 

15 last decade that it has been demonstrated, instead, that sphingolipids have an 
active role in the mechanisms regulating cell response to exogenous stimuli, as 
well as in regulating cell growth, differentiation, transformation and adhesion. 
It has also recently been demonstrated that the products of the demolition of 
sphingolipids, i.e. ceramides and sphingosine, play an important part in regulating 

20 the transmission mechanisms of the signals controlled by the membrane 
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sphingolipids (Teruyuki Sakai et al. f Exp Opin Ther Patents [1988] 8 [12]: 1673- 
1682). In particular, the distinctive characteristic of these products seems to be 
their involvement in the antiproliferative mechanisms of cell regulation, such as cell 
growth inhibition, the induction of cell differentiation and programmed cell death, or 
5 apoptosis. 

Apoptosis has recently been the object of numerous studies (e.g. Ross A. Kinloch 
et al., T/PS, Jan 1999 [20]: 35-42), because this phenomenon lends itself to 
pharmacological "manipulation": in fact, a reduction in the frequency of the onset 
of cell apoptosis can have severe pathological consequences and facilitate tumor 
10 growth, hence the therapeutic potential of all those compounds that are capable of 
stimulating apoptosis. 

From in-depth studies it has emerged that the ceramides in the cell membranes 
act as intracellular "effectors" of apoptosis, and therefore as potential inhibitors of 
tumor growth. 

is In order to boost this capacity of the endogenous ceramides pharmacologically, 
the ideal strategy seems to be to develop endogenous ceramide analogs that 
mimic their effects, are stable in relation to metabolization of the sphingosine 
ceramide and have an inhibitory effect on the ceramidase in order to prevent the 
generation of sphingosine, which represents a factor that stimulates proliferation, 

20 starting from the endogenous sources of ceramides. 

Such ceramide analogs should also have the capacity to penetrate the cell 
membrane. 

There is consequent a need for ceramide analog compounds that are capable of 
crossing the cell membranes, penetrating inside the cells and mimicking the 
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various properties of the ceramides, and particularly that of inducing apoptosis in 
human cancer cells. 
Summary of the invention 

The Applicant has now surprisingly discovered that the ceramide analog 
5 compounds of formula (I): 



wherein: 

Xi and X 2 are selected between O and S; 

Ri and R 2 are selected between -(CH 2 ) 13 CH 3 and alkyl or alkylene groups with 
10 from 2 to 6 carbon atoms, linear or branching, unsubstituted or substituted with 
one or more substituents selected among aromatic, primary, secondary and 
tertiary aminic, quaternary ammonium, carboxylic, hydroxylic, polyoxyalkylic and 
ethereal groups, aminoacids, halogen atoms or saccharidic portions, providing that 
between R-i and R 2 only one is always -(CH 2 )i 3 CH 3f 
15 R 3 and R4 are selected between H and alkyl or alkylene groups with from 2 to 6 
carbon atoms, linear or branching, unsubstituted or substituted with one or more 
substituents selected among aromatic, primary, secondary and tertiary aminic, 
quaternary ammonium, carboxylic, hydroxylic, polyoxyalkylic and ethereal groups, 
aminoacids, halogen atoms or saccharidic portions, 
20 are capable of penetrating inside the biological membranes and effectively 
inducing apoptosis of the cancer cells. 
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The compounds of the general formula (I) considered in the present invention 
have therefore proved suitable for the preparation of pharmaceutical formulations 
for the treatment of tumors. 

The object of the present invention is therefore represented by the compounds of 
5 the general formula (I), their corresponding preparation process, and their use in 
the preparation of pharmaceutical formulations for use in the treatment of tumors. 
The characteristics and advantages of the compounds of the general formula (I) 
according to the present invention will be illustrated in detail in the following 
description. 

10 DETAILED DESCRIPTION OF THE INVENTION 

The present invention refers to the compounds of the general formula (I), as 
defined above. Said compounds (I) have proved capable of penetrating inside the 
biological membranes and effectively inducing the apoptosis of cancer cells. The 
following compounds have proved particularly effective and highly cytotoxic: 

is • compound of formula (I) where Xi= S. X 2 = O, Ri = -(CH 2 )i 3 CH 3 , R2 = ethyl, 
and R 3 = R4 = H [compound (3)]; 

• compound of formula (I) where Xi= X 2 = O, R1 = -(CH 2 )i 3 CH 3 , R2 = ethyl, and 
R 3 f,R* =H [compound (4)];, 

• compound of formula (I) where Xi= X 2 = O, R1 = -(CH 2 )i 3 CH 3 , R 2 = n-propyl, 
20 and R 3 = R4 = H [compound (6)]; 

• compound of formula (I) where Xi= X 2 = O, R1 = -(CH 2 )i 3 CH 3t R 2 = Abutyl, and 
R 3 = R4 = H [compound (10)]; 

The present compounds of formula (I) can be conveniently prepared by processes 
well known in the art. For example, a process for the preparation of the present 
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compounds of formula (I) wherein R 3 = R4 = H includes the following steps: 

i) reaction of the ethyl ester (II) with acid chloride (III) to obtain the li-ketoester of 

formula (IV): 

— " r" 



(ID 



H 2 CI 
(III) 



o 
(IV) 



ii) reaction of the B-ketoester of formula (IV) with thiourea (V) to obtain the 
compound of formula (I) where Xi= S, X 2 = O: 



10 




A. 



H 2 N NK 



(V) 




15 



iii) reaction compound of formula (I) where Xi= S, X 2 = O, with refluxed 
chloroacetic acid to obtain the compound of formula (I) wherein Xi= X2 = O: 





wherein Xi,X 2 , R1 and R 2 have above-specified meanings. 

Step i) of the said process is generally carried out in an organic solvent, such as 
20 THF, at a temperature of 0°C. Said reaction is preferably carried out in an inert gas 
atmosphere. 
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The reaction product of formula (IV) can be recovered from the reaction mixture by 
addition of a saturated NH4CI solution and subsequent extraction with diethyl ether. 
Step ii) of the present process is carried out by means of the addition of thiourea in 
ethanol and sodium ethoxide on the raw reaction product coming from step i), without 

5 the need for any purification. In step ii) temperature is preferably maintained around 
90°C. The reaction product is generally recovered from the reaction mixture by 
acidification at pH 2, e.g. by adding cone. HCI, and filtration of the resulting 
precipitate, which can be purified, if necessary, by washing with acetone. 
The reaction product obtained in step ii) can be further purified by chromatography 

10 on silica gel, preferably using a mixture of ethyl acetate and petroleum ether in 
proportions of 2:1 as an eluant. 

Step iii) of the process according to the above procedure is generally carried out 
by adding chloroacetic acid to the product coming from step ii), e.g. in the form of 
a 10% aqueous solution, and reflux heated. The crude residue thus obtained can 
15 then be purified by washing with absolute ethanol and then with diethyl ether. 

The product coming from step iii) can be further purified by chromatography on 
silica gel, preferably using a mixture of ethyl acetate and hexane in proportions of 
1 :2 as an eluant. 

The present compounds of formula (I) wherein R 3 and/or R4 are different from H, 
20 can be prepared from the li-ketoester of formula (IV) or from the compounds of 
formula (I) wherein R 3 = R4 = H, obtained for example as explained above, by 
means of well-known processes. 

Other processes for the preparation of the present formula (I) compounds are 
disclosed in the examples. 
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The compounds of formula (I) according to the present invention can be 
formulated with pharmaceutical^ acceptable excipients and/or diluents in order to 
prepare pharmaceutical formulations suitable for the treatment of tumor 
pathologies. 

5 The following examples are given as a partial illustration of the present invention. 
EXAMPLE 1 

Preparation of the compound of formula (I) where Xi = S, X 2 = O, R 2 = - 
(CH 2 )i3CH 3 , Ri = ethyl, and R 3 ■ R4 ■ H [compound (1)] 

A solution prepared by dissolving 0.37 g of ethyl butyrate in 2 ml of anhydrous 
10 tetrahydrofuran (THF) is added drop by drop, at a temperature of 0°C and in an 
argon gas atmosphere, to 1 .9 ml of a 2M solution of lithiodiisopropylamine (LDA) 
in anhydrous THF. After 30 minutes of agitation at 0°C, the reaction mixture is 
added to a solution obtained by dissolving 1 g of pentadecanol chloride (3.8 mmol) 
in 5 ml of anhydrous THF, previously cooled to 0°C. The resulting mixture is 
15 constantly agitated at room temperature for 12 hours, then added to a saturated 
solution of NH4CI. The organic phase is separated from the aqueous phase, then 
extracted with diethyl ether. The organic extracts are combined, washed with a 
saturated aqueous solution of NaCI, dried with anhydrous Na 2 S0 4 and then 
evaporated until dry to provide a crude residue (1.20 g) composed almost 
20 exclusively of fi-ketoester (IV) where R 2 = -(CH 2 ) 13 CH 3 and R n = ethyl. [ 1 H-NMR 



24H), 1.81-2.02 (m, 2H), 2.11-2.57 (m, 2H), 3.34 (t, 1H, J = 7.3 Hz), 4.15 (q, 2H, J 
= 7.3 Hz). MS m/e 340 M*]. 

The resulting crude residue (1.20 g) containing the (1-ketoester (IV) where R 2 = - 



(CDCI3, 200 MHz) 5 0.83-0.94 (m, 6H), 1.07 (t, 3H f J = 7.4 Hz), 1.15-1.36 (m, 
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(CH 2 )i3CH 3 and Ri = ethyl, is dissolved in 20 ml of absolute ethanol and then 
added to 3.61 g of thiourea (47.5 mmol) and 6.47 g of sodium ethoxide (95.1 
mmol). The mixture is agitated for 60 minutes at 90°C. After cooling to room 
temperature, the reaction mixture is filtered and the filtrate is evaporated until dry; 

5 the residue thus obtained is then restored with a mixture of water and THF in 
proportions of 10:1 until it has become completely soluble. The solution, cooled to 
0°C, is acidified to pH 2 with cone. HCI; the precipitate that develops is filtered and 
washed with small quantities of acetone and provides a crude residue that is 
purified by chromatography on silica gel using ethyl acetate and petroleum ether in 

10 proportions of 2:1 as an eluant, finally obtaining 290 mg (0.82 mmol; yield = 26%) 
of the required compound of formula (I) (m.p. = 167-169°C; [ 1 H-NMR (CDCI 3 , 200 
MHz) 5 0.89 (t, 3H, J= 6.2 Hz), 1.09 (t, 3H f J = 7.4 Hz), 1.17-1.36 (m, 24H), 2.34- 
2.49 (m, 4H), 8.88 (br, 1H, D 2 0 exchangeable), 9.81 (br, 1H, D 2 0 exchangeable); 
MS m/e 352 M + ). 

15 EXAMPLE 2 

Preparation of the compound of formula (I) where Xi = X 2 = O, R 2 = - 
(CH 2 )i 3 CH 3 , Ri = ethyl, and R 3 = R4 = H [compound (2)] 

160 mg (0.45 mmol) of the product (1) obtained as described in Example 1 are 
added to 11.4 ml of a 10% aqueous solution of chloroacetic acid and the mixture 
20 thus obtained is reflux heated for 12 hours. The resulting precipitate is then 
filtered, washed first with absolute ethanol, then with diethyl ether, to obtain a 
crude residue that, after purification by chromatography on silica gel using a 
mixture of ethyl acetate and hexane in proportions of 1:2 as an eluant, gave rise to 
48 mg (0.14 mmol, yield = 32%) of the required pure compound (m.p. = 132- 
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134°C; [ 1 H-NMR (CDCI3, 200 MHz) 5 0.87 (t, 3H, J = 6.2 Hz), 1.06 (t, 3H f J = 7.4 
Hz), 1.15-1.36 (m, 24H), 2.31-2.49 (m, 4H), 9.06 (br f 1H, D 2 0 exchangeable), 9.89 
(br, 1 H, D 2 0 exchangeable); MS m/e 336 M*). 
EXAMPLE 3 

5 Preparation of the compound of formula (I) wherein Xi= S, X 2 = O, Ri = - 
(CH 2 )i 3 CH 3> R 2 = ethyl, and R 3 = R4 = H [compound (3)] 

A solution obtained by dissolving 1 g of ethyl palmitate (3.52 mmol) in 3 ml of 
anhydrous THF is added drop by drop, at a temperature of 0°C in an argon gas 
atmosphere, to 2.1 ml of a 2M solution of lithiodiisopropylamine (LDA) in 

10 anhydrous THF. After 30 minutes of agitation at 0°C, the reaction mixture is added 
to a solution obtained by dissolving 2.39 g (4.23 mmol) of propionyl chloride in 5 
ml of anhydrous THF. The resulting mixture is constantly agitated at room 
temperature for 12 hours, then added to a saturated solution of NH 4 CI. The 
organic phase is separated from the aqueous phase, then extracted with diethyl 

15 ether. The organic extracts are combined, washed with a saturated aqueous 
solution of NaCI, dried with anhydrous Na 2 S0 4 and then evaporated until dry to 
provide a crude residue (1 .31 g) composed almost exclusively of R-ketoester (IV) 
where* R t = -(CH 2 ) 13 CH 3 and R 2 = ethyl. [ 1 H-NMR (CDC l 3 , 200. MHz) 6 0.79-0.92 
(m, 6H), 1.11 (t, 3H, J = 7.6 Hz), 1.17-1.39 (m, 24H), 1.48-1.62 (m, 2H), 2.26 (q, 

20 2H, J = 7.6 Hz), 3.36 (t, 1H, J = 7.3 Hz), 4.15 (q, 2H, J = 7.2 Hz); MS m/e 340 M 4 ]. 
1.31 g of the resulting crude residue containing the (i-ketoester (IV) where R1 = - 
(CH 2 )i 3 CH 3 and R 2 = ethyl, is dissolved in 20 ml of absolute ethanol and then 
added to 4.01 g of thiourea (52.8 mmol) and 7.18 g of sodium ethoxide (105.6 
mmol). The mixture is agitated for 60 minutes at 90°C. After cooling to room 
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temperature, the reaction mixture is filtered and the filtrate is evaporated until dry; 
the residue thus obtained is then treated with a mixture of water and THF in 
proportions of 10:1 until it has become completely soluble. The solution is cooled 
to 0°C and acidified to pH 2 with cone. HCl; the precipitate that develops due to 

5 acidification is filtered and washed with small quantities of acetone and provides a 
crude residue that is purified by chromatography on silica gel using ethyl acetate 
and petroleum ether in proportions of 2:1 as an eluant, finally obtaining 310 mg 
(0.88 mmol; yield = 25%) of a product that coincides with the required pure 
compound 3 (m.p. = 100-102°C; [ 1 H-NMR (CDCI 3 , 200 MHz) 5 0.88 (t, 3H, J = 6.4 

10 Hz), 1.01 (t, 3H, J = 7.4 Hz), 1.18-1.38 (m, 24H), 2.35 (t, 2H, J = 7.4 Hz), 2.48 (q, 
2H, J = 7.6 Hz), 9.08 (br, 1H, D 2 0 exchangeable), 9.73 (br, 1H, D 2 0 
exchangeable); MS m/e 352 M + ). 
EXAMPLE 4 

Preparation of the compound of formula (I) wherein X1 = X 2 = O, R1 = - 
15 (CH 2 )i3CH 3 , R 2 = ethyl, and R 3 = R4 = H [compound (4)] 

160 mg (0.45 mmol) of the compound (3) obtained as described in Example 3 are 
added to 11.4 ml of a 10% aqueous solution of chloroacetic acid and the mixture 
thus obtained is reflux heated for 12 hours. The resulting precipitate is then 
filtered, washed first with absolute ethanol, then with diethyl ether, to obtain a 
20 crude residue that, after purification by chromatography on silica gel using a 
mixture of ethyl acetate and hexane in proportions of 1:2 as an eluant, gave rise to 
57 mg (0.17 mmol, yield = 38%) of the compound (4) (m.p. = 110-112°C; [ 1 H-NMR 
(CDCI3, 200 MHz) 6 0.89 (t, 3H, J = 6.4 Hz), 1.02 (t, 3H, J = 7.4 Hz), 1.12-1.42 (m, 
24H), 2.34 (t, 2H, J = 7.2 Hz), 2.49 (q, 2H, J = 7.6 Hz), 9.15 (br, 1H, D 2 0 
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exchangeable), 9.53 (br, 1H f D 2 0 exchangeable); MS m/e 336 M + ). 
EXAMPLE 5 

Preparation of the compound of formula (I) wherein Xi = S, X 2 ■ O, Ri = - 
(CH 2 )i3CH 3 , R 2 = n-propyl, and R 3 = R4 = H [compound (5)] 

5 Compound (5) was prepared following a procedure similar to the one described in 
Example 3, obtaining a product which resulted in: MS m/e 366 M*. 
EXAMPLE 6 

Preparation of the compound of formula (I) wherein Xi = X 2 = O, R1 = - 
(CH 2 )i 3 CH 3 , R 2 = n-propyl, and R 3 = R4 = H [compound (6)] 

10 Compound (6) was prepared following a procedure similar to the one described in 
Example 4, obtaining a product which resulted in: MS m/e 350 M + . 
EXAMPLE 7 

Preparation of the compound of formula (I) wherein X1 = S, X 2 ■ O f R1 = - 
(CH 2 )i 3 CH 3 , R 2 = n-butyl, and R 3 = R4 = H [compound (7)] 

15 Compound (7) was prepared following a procedure similar to the one described in 
Example 3, obtaining a product which resulted in: MS m/e 380 M*. 
EXAMPLE 8 

Preparation of the compound of formula (I) wherein Xi = X 2i = O, R1 = - 
(CH 2 )i 3 CH 3 , R 2 = n-butyl, and R 3 = R4 s H [compound (8)] 

20 Compound (8) was prepared following a procedure similar to the one described in 
Example 4, obtaining a product which resulted in: MS m/e 364 M + . 
EXAMPLE 9 

Preparation of the compound of formula (I) wherein Xi = S t X 2 = O, R1 = - 
(CH 2 ) i3 CH 3 , R 2 = /-butyl, and R 3 = R4 = H [compound (9)] 
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Compound (9) was prepared following a procedure similar to the one described in 
Example 3, obtaining a product which resulted in: MS m/e 380 M + . 
EXAMPLE 10 

Preparation of the compound of formula (I) wherein Xi = X 2 = O, Ri = - 
5 (CH 2 )i3CH 3 , R 2 =i-butyl, and R 3 = R4 = H [compound (10)] 

Compound (10) was prepared following a procedure similar to the one described 
in Example 4, obtaining a product which resulted in: MS m/e 364 M*. 
EXAMPLE 1 1 

Preparation of the compound of formula (I) wherein X, = S, X 2 = O, R1 = - 
10 (CH 2 ) 13 CH 3 , R2= neopentyl, and R 3 = R4 = H [compound (11)] 

Compound (11) was prepared following a procedure similar to the one described 
in Example 3, obtaining a product which resulted in: MS m/e 394 M\ 
EXAMPLE 12 

Preparation of the compound of formula (I) wherein X 1 = X 2 = O, R1 = - 
15 (CH 2 )i 3 CH 3 , R 2 = neopentyl, and R 3 = R4 = H [compound (12)] 

Compound (12) was prepared following a procedure similar to the one described 
in Example 4, obtaining a product which resulted in: MS m/e 378 M*. 
EXAMPLE ,13 t 

Preparation of the compound of formula (I) wherein X1 = S, X 2 = O, R1 = - 
20 (CH 2 ) 13 CH 3 , R 2 = 2-phenyl-ethyl, and R 3 = R4 = H [compound (13)] 

Compound (13) was prepared following a procedure similar to the one described 
in Example 3, obtaining a product which resulted in: MS rn/e 428 M*. 
EXAMPLE 14 

Preparation of the compound of formula (I) wherein X1 = X 2 = O, R1 = - 
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(CH 2 )i3CH 3 , R 2 = 2-phenyl-ethyl, and R 3 ■ R4 ■ H [compound (14)] 
Compound (14) was prepared following a procedure similar to the one described 
in Example 4, obtaining a product which resulted in: MS m/e 412 M + . 
EXAMPLE 15 

5 Preparation of the compound of formula (I) wherein X1 =S, X 2 = O, R A ■ - 
(CH 2 )i3CH 3 , R 2 = -(CH 2 ) 3 NH 2 and R 3 = R4 ■ H [compound (15)] 

Scheme 1 




32 



1) NH 2 C(S)NH 2 

2) NH 2 NH 2 15 

Compound (15) was prepared following the procedure described in the above 
Scheme 1 . 

10 Synthesis of (5-ketoester (32). 2.4 g (10 mmol) of 4-phthalimidoburyric acid (29) 
(prepared as described in G. Talbot, R. Gaudry, L Berlinguet Can. J. Chem. 1958, 
36, 593-596) was dissolved in 7.5 ml of SOCI 2 and the mixture was refluxed under 
nitrogen for 3 hours. Excess of SOCI 2 was then removed under a nitrogen flow and 
the resulting acid chloride (30) was used in the next step without further 
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purification. Separately, a solution of ethyl palmitate (31) (1.47 g, 5,16 mmol) in 
anhydrous THF (6.5 ml) was slowly added to a 1.0 M solution of lithium 
bis(trimethylsilyl)amide (LHMDS) in THF (6.2 ml, 6.2 mmol) cooled at -20 °C and 
the resulting mixture was stirred for additional 20 minutes. Acid chloride (30) 

5 previously prepared as described above, was dissolved in anhydrous THF (10 ml), 
cooled at -20 °C, and added via cannula to the solution containing (31) and 
LHMDS at the same temperature. The mixture was stirred at -20 °C for 30 minutes 
and then at room temperature for 2 hours. The reaction was quenched with a 
saturated aqueous solution of ammonium chloride and extracted with ethyl 

10 acetate. The organic layer was dried over sodium sulfate and concentrated under 
vacuum. The crude residue was purified by silica gel column chromatography 
using hexane-ethyl acetate (8:2) as the eluant, to obtain 0.95 g (1.9 mmol, 37% 
yield) of pure p-ketoester (32) as a colorless oil: 1 H NMR (CDCI 3t 200 MHz) 6 0.87 
(t, 3H, J = 6.4 Hz), 1.23 (t, 3H, J = 7.3 Hz), 1.24 (bs, 24H), 2.05 (quintet, 2H, J = 

15 7.2 Hz), 2.24-2.34 (m, 4H), 2.51 (t, 2H, J = 7.6 Hz), 3.78 (t, 1H, J = 6.9 Hz), 4.12 
(q, 2H, J = 7.1 Hz), 7.69-7.73 (m, 2H), 7.82-7.87 (m, 2H); MS (FAB + ) m/z 500 
(M+H) + . 

Synthesis of thiouracil (15): p-Ketbester (32) (0.12 g, 0.24 mmol) was dissolved in 
2 ml of absolute ethanol. Thiourea (0.024 g, 0.33 mmol) and potassium f-butoxyde 
20 (0.028 g, 0.25 mmol) were added and the resulting mixture was refluxed for 5 
hours. The mixture was then cooled to room temperature and the solvent was 
removed under vacuum. The residue was treated with 20 ml of water and 
neutralized with an aqueous solution of acetic acid 0.5 N. The product was 
extracted with ethyl acetate and the organic layer was washed with brine, dried 
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over anhydrous sodium sulfate and concentrated under vacuum. The crude 
residue was then redissolved in 3 ml of ethanol, treated with 0.06 ml of hydrazine 
monohydrate (1.3 mmol), and the mixture was refluxed overnight. The resulting 
suspension was cooled to room temperature. The white solid was collected by 
filtration, washed with small portions of ethyl acetate, and dried under vacuum, to 
give 51 mg (0.13 mmol, 54% yield) of product (15): m.p. 123-125 °C; 1 H NMR 
(CDCI 3 , 200 MHz) 5 0.88 (t, 3H, J = 6.4 Hz), 1.26 (bs, 24H), 1.77 (m, 2H), 2.29- 
2.45 (m, 6H), 8.87 (bs, 1H), 9.19 (bs, 1H); MS (FAB + ) m/z 381 (M+Hf . 
EXAMPLE 16 

Preparation of the compound of formula (I) where Xi =S, X 2 - O, R-, = - 
(CH 2 )i 3 CH 3 , Rz- -(CH 2 ) 3 OSiPh 2 f-Bu and R 3 ■ R» ■ H [compound (16)] 
Compound (16) was prepared following the procedure described in the following 



Scheme 2 
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Synthesis of methyl ester (34). A solution of acid (33) (1.15 g, 3.36 mmol) 
(prepared as in: A.G.M. Barrett, J.A. Flygare J. Org. Chem. 1991, 56, 638-642) in 
methanol (25 ml) was treated with 1.62 g (8.44 mmol) of 1-[3- 
(dimethyIamino)propyl]-3-ethylcarbodiimide hydrochloride (EDC). The resulting 

5 solution was stirred under nitrogen at room temperature for 3.5 hours. The solvent 
is then removed under vacuum and the residue was diluted with chloroform (100 
ml) and water (50 ml). The organic layer was washed with brine, dried over sodium 
sulfate and concentrated under vacuum. The crude residue was purified by silica 
gel column chromatography using hexane-ethyt acetate (9:1) as the eluant, to 

io obtain 0.59 g (1.6 mmol, 49% yield) of pure ester (34) as a colorless oil: 1 H NMR 
(CDCI 3 , 200 MHz) 8 1.05 (s, 9H), 1.88 (tt, 2H, J = 7.7, 5.9 Hz). 2.47 (t, 2H, J = 7.5 
Hz), 3.66 (s, 3H), 3.68 (t, 2H, J = 6.0 Hz), 7.37-7.42 (m, 6H), 7.63-7.68 (m, 4H). 
Synthesis of p-ketoester (36). A solution of f-butyl acetate (35) (4.24 g, 36.5 mmol) 
in anhydrous THF (40 ml) previously cooled at -78 °C was added drop by drop via 

15 cannula under argon to a 1M solution of LHMDS in THF (51.5 ml, 51.5 mmol). To 
the resulting solution, previously stirred at the same temperature for 30 minutes, 
was added drop by drop via cannula another solution of methyl ester (34) (4.07 g, 
11.4 mmol) in anhydrous THF (20 ml) at -78 °C. The reaction mixture was stirred 
under argon for 20 minutes at the same temperature, and then 3 more hours at 

20 room temperature. The reaction was quenched with 400 ml of saturated aqueous 
solution of ammonium chloride and extracted with diethyl ether (2 x 300 ml). The 
organic layer was dried over anhydrous sodium sulfate and concentrated under 
vacuum. The crude residue was purified by silica gel column chromatography 
using hexane-diethyl ether (8:2) as the eluant, to obtain 2.8 g (6.4 mmol, 56% 



* 
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yield) of pure p-ketoester (36) as a colorless oil: 1 H NMR (CDCI 3> 200 MHz) 8 1.04 
(s, 9H) f 1.46 (s, 9H), 1.84 (quintet, 2H, J = 6.7 Hz), 2.66 (t, 2H, J = 7.3 Hz), 3.34 
(s, 2H), 3.67 (t, 2H, J = 6.0 Hz), 7.37-7.43 (m, 6H), 7.62-7.67 (m, 4H); MS (FAB + ) 
m/z 441 (M+H) + , 385 (M+H-isobutene) + . 

5 Synthesis of alkylated p-ketoester (37). A solution of p-ketoester (36) (2.79 g, 6.34 
mmol) in anhydrous 1,2-dimethoxyethane (DME) (17 ml) was added to a solution 
of potassium fert-butoxide (0.85 g, 6.97 mmol) in anhydrous DME (7 ml). The 
resulting solution was stirred at room temperature for 20 minutes, after which time 
1.7 ml (1.6 g, 5.7 mmol) of 1-bromotetradecane were added. The reaction mixture 

10 was stirred at 80 °C for 2 hours. The reaction was quenched with 150 ml of a 
saturated aqueous solution of ammonium chloride and extracted with diethylether 
(2 x 300 ml). The organic layer was washed with brine, dried over sodium sulfate 
and concentrated under vacuum. The crude residue was purified by silica gel 
column chromatography using hexane-diethyl ether (9:1) as the eluant. to obtain 

15 1.16 g (1.82 mmol, 32% yield) of pure mono-alkylated product (37) as a colorless 
oil: 1 H NMR (CDCI 3 , 200 MHz) 5 0.88 (t, 3H, J = 6.2 Hz), 1.04 (s, 9H), 1.25 (bs, 
24H), 1.43 (s, 9H), 1.76-1.89 (m, 4H), 2.64 (td, 2H, J = 7.3, 4.4 Hz), 3.13 (t, 1H, J 
= 7.3 Hz), 3.66 (t, 2H, J = 6.0 Hz), 7.34-7.43 (m, 6H), 7.62-7.67 (m, 4H); MS 
(FAB + ) m/z 581 (M+H-isobutenef, 563 (M-fBuO)\ 

20 Synthesis of thiouracil (16). A solution containing alkylated p-ketoester (37) (1.16 
g, 1 .82 mmol) in absolute ethanol (24 ml) in a screw-cap sealed vial was treated 
first with 0.19 g (2.6 mmol) of thiourea and then with 0.25 g (2.0 mmol) of 
potassium ferf-butoxide. The resulting solution was stirred at 100 °C for 6 hours. 
The solvent was then removed under vacuum. The residue was diluted with water 
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and neutralized to pH = 6-7 with 0.5 N acetic acid. The product was extracted with 
ethyl acetate. The organic layer was washed with brine, dried over anhydrous 
sodium sulfate and concentrated under vacuum. The crude residue was purified 
by silica gel column chromatography using hexane-diethyl ether (8:2) as the 

5 eluant, to obtain 0.52 g (0.84 mmol, 46% yield) of pure thiouracil product (16) as a 
colorless oil: 1 H NMR (CDCI 3 , 200 MHz) 5 0.87 (t, 3H f J = 6.2 Hz), 1.10 (s, 9H), 
1.24 (bs, 24 H), 1.74 (quintet, 2H, J = 6.8 Hz), 2.34 (t, 2H, J = 7.4 Hz), 2.60 (t, 2H, 
J = 7.5 Hz), 3.74 (t, 2H, J = 5.8 Hz), 7.40-7.46 (m, 6H), 7.66-7.70 (m, 4H), 9.29 
(bs, 1H), 9.55 (bs, 1H); MS (FAB + ) m/z 547 (M+H-NHC(S)NH) + . 

10 EXAMPLE 17 

Preparation of the compound of formula (I) where Xi =S, X 2 = O, Ri = - 
(CH 2 )i 3 CH 3 , R 2 = -(CH 2 ) 3 OH and R 3 = R4 = H [compound (17)] 




16 17 

Scheme 3 



According to the above Scheme 3 the silyl ether 16 (0.16 g, 0.26 mmol) was 
15 treated with 0.8 ml of a 1M solution of tetrabutylammonium fluoride (TBAF) in THF 
(0.8 mmol) under argon at room temperature for 2 hours. The solvent was then 
removed under vacuum and the residue was extracted with ethyl acetate. The 
organic layer was washed with brine, dried over sodium sulfate and concentrated 
under vacuum. The crude residue was purified by silica gel column 
20 chromatography using hexane-ethyl acetate (1:1) as the eluant, to obtain 0.079 g 
(0.21 mmol, 81% yield) of pure deprotected alcohol (17) as a white solid: m.p. 128- 
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130 °C; 1 H NMR (CDCI 3 , 200 MHz) 5 0.88 (t, 3H, J = 6.7 Hz), 1.25 (bs, 24H), 1.91 
(quintet, 2H, J = 6.1 Hz), 2.37 (pseudo t, 2H, J = 7.4 Hz), 2.67 (pseudo t, 2H, J = 
6.3 Hz), 3.84 (t. 2H, J = 5.6 Hz), 9.16 (bs, 1H), 10.52 (bs, 1H); MS (El,- 70 eV) m/z 
382 (M) + , 365 (M-OH) + , 323 (M-NHC=S) + . 
5 EXAMPLE 18 

Preparation of the compound of formula (I) where Xi =S, X 2 = O, Ri = - 
(CH 2 )i3CH 3 , R 2 = -(CH 2 ) 3 OC(0)CH 2 NH-Cbz and R 3 = R4 = H [compound (18)] 




Scheme 4 

According to scheme 4 a solution of the alcohol (17) (0.038 g, 0.099 mmol) in 
10 anhydrous THF (2.5 ml) was sequentially treated with 0.031 g (0.15 mmol) of N- 
carbobenzyloxyglycine (A/-Cbz-Gly), 0.034 g (0.18 mmol) of 1-[3- 
(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (EDC), and 0.0012 g 
(0.0096 mmol) of 4-(dimethylamino)pyridine (DMAP). The mixture was stirred at 
room temperature for 5 hours under argon. The solvent was removed under 
15 vacuum and the residue was purified by silica gel column chromatography using 
hexane-ethyl acetate (1:1) as the eluant, to obtain 0.052 g (0.091 mmol, 92% 
yield) of product (18) as a thick syrup: 1 H NMR (CDCI 3 , 200 MHz) 5 0.87 (t, 3H, J = 
6.6 Hz), 1.25 (bs, 24H), 1.91 (m, 2H), 2.31 (t, 2H, J = 7.7 Hz), 2.47 (t, 2H, J = 7.7 
Hz), 4.07 (d, 2H, J = 5.9 Hz), 4.27 (t, 2H, J = 5.2 Hz), 5.24 (s, 2H), 5.52 (t, 1H, J = 
20 5.8 Hz), 7.31-7.38 (m, 5H), 10.09 (bs, 1H), 10.85 (bs 1H); MS (FAB*) m/z 574 
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(M+H) + , 532 (M-C(S)+H)\ 
EXAMPLE 19 

Preparation of the compound of formula (I) where Xi =S, X 2 = O, Ri = - 
(CH 2 )i3CH 3) R 2 = -(CH 2 )30C(0)CH2NH 2 and R 3 = R4 = H [compound (19)] 




5 Scheme 5 

According to the above scheme 5 a solution of Cbz-protected compound (18) 
(0.032 g, 0.055 mmo!) in trifluoroacetic acid (1 ml) was treated with 0.22 mmol of 
freshly prepared boron tris(trifluoroacetate) (prepared as reported in: J. Pless, W. 
Bauer Angew. Chem. Int. Ed. 1973, 12, 147-148) at 0 °C under argon. The mixture 

10 was stirred for 1 hour at the same temperature and overnight at room temperature. 
The solvent was removed under vacuum and the residue was purified by silica gel 
column chromatography using a mixture dichloromethane : acetone 7 : 3 as the 
eluant, to obtain 0.020 g (0.045 mmol, 82% yield) of product (19) as a thick syrup: 
1 H NMR (CDCI3, 200 MHz) 8 0.87 (t, 3H, J = 6.4 Hz), 1.25 (bs, 24H), 1.72 (m, 2H), 

15 2.32 (m, 2H), 2.63 (m, 2H), 3.61 (t, 2H, J = 7.0 Hz), 4.30 (t, 2H, J = 6.6 Hz); MS 
(FAB + ) m/z 365 (M-NHC(S)NH) + . 



m 
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EXAMPLE 20 

Preparation of the compound of formula (I) where Xi =S, X2 = O, Ri = -4CH 2 )i3CH 3l 



R2 = 



_ Fmoc'NH. 



O 



COOfBu 



and R 3 = R4 = H [compound (20)] 




COOH NH 
HO, 

COOfBu H 
38 17 

O 



EDC 
DMAP 



Fmoc 



20 

Scheme 6 



According to the above scheme 6 a solution of alcohol (17) (0.120 g, 0.314 mmol) 
in anhydrous THF (10 ml) was treated sequentially with A/-(9- 
Fluorenylmethoxycarbonyl)-L-aspartic acid ferf-butyl ester (38) (0.194 g, 0.471 
mmol), 1 -[3-(dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (EDC) 
(0.108 g, 0.562 mmol) and 4-(dimethylamino)pyridine (DMAP) (0.0077 g, 0.063 
mmol). The mixture was stirred under argon at room temperature for 5 hours. The 
solvent was removed under vacuum and the residue was purified by silica gel 
column chromatography (hexane - ethyl acetate 1:1) to afford 0.24 g (0.31 mmol, 
98 % yield) of product (20) as a syrup: 1 H NMR (CDCI 3 , 200 MHz) 5 0.87 (t, 3H, J 
= 6.3 Hz), 1.25 (bs, 24H), 1.46 (s, 9H), 1.93 (m, 2H), 2.30 (m, 2H), 2.49 (m, 2H), 
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2.80 (dd, 1H, J= 16.6, 4.8 Hz), 2.93 (dd, 1H, J= 16.6, 5.0 Hz), 4.24-4.33 (m, 2H), 
4.48-4.54 (m, 2H), 4.67-4.72 (m, 1H), 5.97 (d, 1H), 7.29-7.43 (m, 5H), 7.62 (d, 2H, 
J = 7.2 Hz), 7.76 (d, 2H, J= 7.2 Hz), 9.59 (bs, 1H), 10.58 (bs, 1H). 
EXAMPLE 21 

Preparation of the compound of formula (I) where Xi =S, X2 = O, = -<CH 2 )i3CH3, 
o 



^COOfBu 
and R 3 = R4 = H [compound (21)] 



20 



ffiuOOC. 

piperidine 



O 

21 

Scheme 7 

10 According to the above scheme 7 a solution of Fmoc-protected product (20) (0.120 
g, 0.155 mmol) in anhydrous dichloromethane (5 ml) was treated with 0.020 g of 
piperidine . (0.23. mmol). The mixture, was, stirred at room temperature for 30 
minutes. The solvent was removed under vacuum and the residue was purified by 
silica gel column chromatography (hexane - ethyl acetate 3:7) to afford 0.040 g 

15 (0.072 mmol, 47 % yield) of product (20) as a syrup: 1 H NMR (CDCI 3 , 200 MHz) 5 
0.87 (t, 3H, J = 6.6 Hz), 1 .25 (bs, 24H), 1 .46 (s, 9H), 1 .94 (m f 2H), 2.33 (t, 2H, J = 
7.2 Hz), 2.56 (t, 2H, J = 7.7 Hz), 2.76 (d, 2H, J = 5.9 Hz), 3.94 (t, 1H, J = 5.8 Hz), 
4.21-4.30 (m, 2H). 
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EXAMPLE 22 

Preparation of the compound of formula (I) where Xi =S, X2 = O, R1 = -(CH 2 )i3CH 3 , 



H2N 

R ? = 




^COOH 
and R 3 = R4 = H [compound (22)] 



HOOC. 

TFA 

21 ► 



Scheme 8 

According to the above scheme 8 the fert-Butyl ester (21) (0.020 g, 0.040 mmol) 
was treated with 0.2 ml of a 1:1 mixture of trifluoroacetic acid and 
dichloromethane. The mixture was stirred at room temperature for 1 hour. The 
10 solvent was removed under vacuum and the residue was purified by silica gel 
column chromatography (acetone - methanol, variable ratios from 100:0 to 50:50) 
to afford, 0.01 2 a (0,021 mmol, 54 % yield)^of product (20), as a syrup: 1 H NMR 
(CD 3 OD, 200 MHz) 8 0.89 (t, 3H, J = 6.8 Hz), 1.29 (bs, 24H), 1.97 (m, 2H), 2.35 
(m, 2H), 2.57 (m, 2H), 2.82 (m, 2H), 4.16-4.44 (m, 3H). 
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EXAMPLE 23 

Preparation of the compound of formula (I) where Xi =S, X 2 = O, Ri = -(CH 2 )i3CH 3 , 

OBn 

BnO^\^ ^\^-0(CH2h 

OH 

and R 3 = R4 = H [compound (23)] 

Scheme 9 



o 




Tf 2 0 
Ph 2 SO 
MeOH 



CHCI3 
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5 wherein Bn is benzyl. 

Glucose derivative (23) was prepared following a general procedure for direct 
glycosilation of alcohols with glucal donor (39) (as reported in: V. Di Bussolo, Y.-J. 
Kim, D.Y. Gin J. Am. Chem. Soc. 1998, 720, 13515-13516), as reported above in 
scheme 9. 

10 Trifluoromethanesulfonic anhydride (Tf 2 0) (0.030 ml, 0.18 mmol) was added to a 
solution of tri-O-benzil-D-glucal (39) (0.050 g, 0.12 mmol), diphenylsulfoxide 
(0.073 g, 0.36 mmol) and 2,4,6-tri-f-butylpyridine (0.104 g, 0.42 mmol) in dry 
chloroform (5 ml) (distilled over P2O5) at - 40 °C. The reaction mixture was stirred 
at this temperature for 1 hour. Methanol (0.005 ml, 0.12 mmol) and triethylamine 
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(0.050 ml, 0.36 mmol) were added sequentially at -40 °C and the reaction mixture 
was stirred at this temperature for 30 minutes, then at 0 °C for 1 hour and at room 
temperature for 1 hour. A solution of alcohol derivative (17) (0.065 g, 0.17 mmol) 
in dry chloroform (4 ml) was added at 0 °C, via cannula. Zinc chloride (0.24 ml, 1.0 

5 M in diethyl ether, 0.24 mmol) was added at the same temperature, then the 
temperature was slowly warmed to room temperature and the reaction mixture 
stirred at this temperature for 12 hours. The reaction was diluted with chloroform 
(15 ml) and washed sequentially with saturated aqueous sodium bicarbonate 
solution (2x15 ml) and a saturated aqueous solution of sodium chloride (15 ml). 

10 The organic layer was dried (Na 2 S0 4 ) and concentrated, the residue was purified 
by silica gel column chromatography (hexane-ethyl acetate 6:4) to afford product 
(23) (0.055 g, 0.067 mmol, 56% yield) as a colourless oil: 1 H NMR (CDCI 3 ) 5 0.87 
(t, 3H, J = 6.3 Hz), 1.25 (bs, 24 H), 1.88 (quintet, 2H, J = 6.4 Hz), 2.44 (pseudo t, 
2H, J = 7.5 Hz), 2.65 (t, 2H, J = 6.6 Hz), 3.70-3.66 (m, 8H), 4.47 (d, 1H, J = 10.6 

15 Hz), 4.52 (d, 1H, J = 12.1 Hz), 4.65 (d, 1H, J = 12.1 Hz), 4.80 (d, 1H, J = 10.8 Hz), 
4.86 (d, 1 H, J - 1 1 .4 Hz), 4.92 (d, 1 H, J = 1 1 .2 Hz), 5.12 (d, 1 H, J = 9.2 Hz), 7.09- 
7.35 (m, 15H), 9.61 (bs, 1H), 11.29 (bs, 1H); MS (FAB + ) m/z 815 (M+Hf. 
EXAMPLE 24 

Preparation of the compound of formula (I) where Xi = S, X 2 = O, Ri = 
20 -(CH 2 )i3CH 3 , R 2 = ethyl, R 3 = -CH 2 COOC 2 H s , and R4 = H [compound (24)] 

Anhydrous (NH 4 ) 2 S0 4 (0.0013 g, 0.011 mmol) and 1,1,1,3,3,3- 
hexamethyldisilazane (HMDS) (0.75 ml, 3.41 mmol) were added, under argon 
atmosphere, to compound (3) (0.05 g, 0.14 mmol). The resulting suspension was 
heated at 130 °C and stirred at this temperature for 6 hours. The mixture was then 
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concentrated at room temperature under a flux of argon. Anhydrous THF (3 ml) 
was added, and the resulting solution was stirred at - 45°C. Trimethylsilyl triflate 
(TMS triflate) (0.03 ml, 0.145 mmol) and ethyl bromoacetate (0.046 g, 0.027 mmol) 
were sequentially added and the mixture was stirred at - 45 °C for 3 hours, then at 

5 room temperature for 1 hour. Saturated aqueous NaHC0 3 (3 ml) was added and 
THF was removed under vacuum. The residue was diluted with H 2 0 (20 ml) and 
extracted with ethyl acetate (3x10 ml). The organic layer was dried with Na 2 S0 4 
anhydrous, and concentrated to dryness. The residue was purified by semi- 
preparative thin-layer column chromatography (hexane/ethyl acetate 7:3) to afford 

10 product (24) (0.010 g, 0.023 mmol, 16% yield) as a colourless oil: 1 H NMR (CDCI 3 , 
200 MHz) 8 0.87 (t, 3H, J = 6.6 Hz), 1.17 (t, 3H, J = 7.2 Hz), 1.25-1.43 (m, 27H), 
2.44 (pseudo t, 2H, J = 7.2 Hz), 2.54 (t, 2H, J = 7.5 Hz), 3.91 (s. 2H); 4.21 (q, 2H, 
J = 7.3 Hz), 10.88 (bs. 1H); ); MS (FAB*) m/z 439 (M+H) + . 

15 According to procedures analogues to those above reported, the following 
compounds of formula (I) were prepared: 
- compound (I) wherein Xi =S, X 2 = O, Ri = -(CH 2 )i3CH 3 , 



and R 3 = R4 = H [compound (25)]; 
20 - compound (I) wherein X1 =S, X 2 = O, R1 = -(CH 2 ) 13 CH 3 , R 2 = -(CH 2 ) 3 Br and R 3 = 
R4 = H [compound (26)]; 

- compound (I) wherein Xi =S, X 2 = O, R1 = -(CH 2 )i 3 CH 3 . 




OH 



'OH 
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and R 3 = R4 = H [compound (27)]; 

- compound (I) wherein =S, X 2 = O, R1 = -(CH 2 ) 13 CH 3 , R 2 = -(CH 2 ) 3 N(C 2 H 5 ) 3 + Br 
and R 3 = R4 = H [compound (28)]. 




WO 01/07418 PCT/EP00/07023 

28 

CYTOTOXICITY TEST 

The cytotoxicity of the compounds synthesized 1-28 was assessed using a 
human leukemia cell line called CCRF/CEM. The CCRF/CEM cells were cultured 
in a culture medium containing RPMI 1640 (90%), bovine fetal sera (10%) and 

5 interleukin-2 (100 U/ml). The cytotoxicity assay was performed on 104 CCRF/CEM 
cells seeded in 35 mm wells in 2 ml of culture medium. The cells were treated with 
the compounds under consideration for 72 hours and at the end of the period of 
exposure their number was counted and compared with that of control cells 
treated with C2-ceramide in order to establish the percentage of growth inhibition. 

10 The concentration capable of inhibiting 50% of cell growth was calculated by non- 
linear regression of the experimental data as described in M. Macchia, N. Jannitti, 
G.B. Gervasi, R. Danesi, J Med Chem, (1996) 39 (7): 1352-1356. 
The resulting values of IC 5 o expressed in pM are given in the following table: 



Compound 


ICsofuM) 


controls 


31.6 


(3) 


1.7 


(4) 


6.3 


(6) 


0.97 


(9) 


13.2 


(10) 


8.7 


(11) 


20 


(12) 


29.1 


(13) 


20.7 


(14) 


15.6 
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Claims 

1. Compounds of general formula (I) 




(I) 



5 Xi and X 2 are selected between O and S; 

R-i and R 2 are selected between -(CH 2 )i 3 CH 3 and alkyl or alkylene groups with 
from 2 to 6 carbon atoms, linear or branching, unsubstituted or substituted with 
one or more substituents selected among aromatic, primary, secondary and 
tertiary aminic, quaternary ammonium, carboxylic, hydroxylic, polyoxyalkyl and 

10 ethereal groups, aminoacids, halogen atoms or saccharidic portions, providing that 
between Ri and R 2 only one is always -(CH 2 ) 13 CH 3l 

R 3 and R4 are selected between H and alkyl or alkylene groups with from 2 to 6 
carbon atoms, linear or branching, unsubstituted or substituted with one or more 
substituents selected among aromatic, primary, secondary and tertiary aminic, 

15 quaternary, ammonium, carboxylic, hydroxylic, polyoxyalkyl and ethereal groups, 
aminoacids, halogen atoms or saccharidic portions. 
2. The compounds of general formula (I) according to claim 1 , where: 
Xt = S, X 2 = O, Rn = ethyl, R 2 = -(CH 2 )i 3 CH 3 , and R 3 = R4 = H (compound 1); 
Xi = X 2 = O, Ri = ethyl, R 2 = -(CH 2 )i 3 CH 3f and R 3 = R4 = H (compound 2); 

20 Xi= S, X 2 = O, Ri = -(CH 2 )i 3 CH 3 , R 2 = ethyl, and R 3 = R4 = H (compound 3); 
Xi = X 2 = O, Rn = ~(CH 2 )i 3 CH 3l R 2 = ethyl, and R 3 = R4 = H (compound 4); 
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Xi = S, X 2 = O, Ri = -(CH2)i3CH3, R2 - n-propyl, and R 3 = FU = H (compound 5); 
X1 = X2 = O, R1 = -(CH2)i3CH3, R 2 = n-propyl, and R 3 = R» - H (compound 6); 
X1 = S. X2 = O, R1 = -(CH2)i3CH3. R2 = n-butyl, and R3 = Rt = H (compound 7); 
X1 = X 2 = O, R1 = -(CH2)i3CH3, R2 = n-butyl, and R3 = R4 = H (compound 8); 
5 X1 = S. X2 = O, R1 = -(CH 2 )i3CH3, R2 = /-butyl, and R3 = R4 = H (compound 9); 
X1 = X 2 = O, R1 = -(CH2)i3CH3, R2 =/-butyl, and R 3 = R» = H (compound 10); 
X1 = S, X2 = O, R1 = -(CH 2 )i3CH3, R2 = neopentyl, and R3 = R4 = H (compound 
11); 

X1 = X2 = O, R1 = -(CH2)i3CH3. R2 = neopentyl, and R3 = R4 = H (compound 12); 
10 X1 = S, X 2 = O, R1 = -(CH 2 )i3CH3, R2 = 2-phenyl-ethyl, and R 3 = Ra = H 
(compound 13); 

X1 = X2 = O, R1 = -(CH2)i3CH3, R2 = 2-phenyl-ethyl, and R 3 = R4 = H (compound 
14); 

X1 = S. X 2 = O, R1 = -(CH 2 )i3CH 3 , R2= -(CH 2 )3NH 2 , and R 3 = R» = H (compound 
15 15); 

X1 =S, X 2 = O, R1 = -(CH 2 )i3CH 3 , R 2 = -(CH2) 3 OSiPh 2 f-Bu, and R 3 = FU = H 
(compound 16); 

X1 = S, X2 = O, R1 = -(CH 2 )i3CH3, R2 = -(CH 2 )30H, and R 3 = R» = H (compound 
17); 

20 X1 =S, X 2 = O, R1 = -(CH2)i3CH3, R2 = -(CH2) 3 OC(0)CH2NH-Cbz, and R3 = R4 = H 
(compound 18); 

X1 =S, X 2 = O, R1 = -(CH 2 )i3CH 3 . R 2 = -(CH2)30C(0)CH 2 NH 2 , and R3 = Rt = H 



o 



X1 =S, X 2 = O, R1 = -(CH 2 )i3CH 3 , R2 = 



(compound 19); 




COOtBu 
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and R 3 = R4 = H (compound 20); 
X1 =S, X 2 = O, Ri = -(CH 2 ) 13 CH 3 



COOtBu 

and R 3 = R4 = H (compound 21); 
X, =S, X 2 = O, R1 = -(CH 2 ) 13 CH 3 




and R 3 = R4 = H (compound 22); 
Xn =S, X 2 = O, R1 = — (CH 2 )i 3 CH 3 



wherein Bn is benzyl and R 3 = R4 = H (compound 23); 

X1 =S, X 2 = O, R1 = -(CH 2 )i 3 CH 3 , R 2 = ethyl, R 3 = -CH 2 COOC 2 H 5 . and R4 = H 
(compound 24); 

X1 =S, X 2 = O, R1 = — (CH 2 )i 3 CH 3 




OH 
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-0(CH 2 ) 3 - 



and R 3 = R4 = H (compound 25); 

X1 =S, X 2 = O, R1 = -(CH 2 ) 13 CH 3 , R 2 = -(CH 2 ) 3 Br, and R 3 = R4 = H (compound 26); 
X1 =S, X 2 = O, R1 — — (CH 2 )i 3 CH 3 



and R 3 = R4 = H (compound 27); 
15 X 1 =S, X 2 = O, Rt = -(CH 2 ) 13 CH 3 , R 2 = -(CH 2 ) 3 N(C 2 H 5 ) 3 + Br~, and R 3 = R4 = H 
(compound 28). 

3. The compounds of general formula (I) according to claim 1, where: 
Xi= S, X 2 = O, R1 = --(CH 2 ) 13 CH 3 , R 2 = ethyl, and R 3 = R4 = H (compound 3); 
Xi= X 2 = O, R1 = -(CH 2 )i 3 CH 3 , R 2 = ethyl, and R 3 = R4 = H (compound 4); 
20 Xi= X 2 = O, R1 = -(CH 2 )i 3 CH 3 , R 2 = n-propyl, and R 3 = R4 = H (compound 6); 
Xi= X 2 = O, R1 = -(CH 2 )i 3 CH 3 , R 2 = /-butyl, and R 3 = R4 = H (compound 10). 



4. Pharmaceutical preparations including as their active ingredient at least one of 



the compounds of the general formula (I) described in claims 1-3, and/or their 
pharmaceutical^ acceptable derivatives or salts, together with excipients and/or 



10 
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diluents. 

5. Use of the compounds of the general formula (I) described in claims 1-3 for the 
preparation of pharmaceutical formulations. 

6. The use according to claim 5, for the preparation of pharmaceutical 
5 formulations for use in the treatment of tumours. 
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Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

The following documents are relevant: 
D1: WO 96 20710 A 
D2: WO 98 52948 A 
D3: EP 0714658 A 

1 . The novelty of the subject-matter of the present application is acknowledged. 
(Art. 33(2) PCT). 

The compounds which are the object of the present application differ from the 
those described in the prior art (D1 and D2) by containing an isolated monocyclic 
backbone (hrydrogenated pyrimidine type) while D1 and D2 always relate to 
bicyclic compounds (see D1-D2 claim 1). The said compounds differ from the 
teaching of D3 at least by being heterocyclic compounds while D3 relates only to 
phenanthrene derivatives. 

The subject-matter of claims 1 to 6 is considered as being novel. 

2. The subject-matter of claim 1 is considered as lacking an inventive step (Art. 33(3) 
PCT). 

2.1 Document D3, which is considered to represent the most relevant state of the art, 
discloses phenanthrene derivatives able to induce apoptosis from which the 
subject-matter of claim 1 differs in that all the claimed compounds are 
monoheterocyclic ones. 

The technical problem underlying the application can thus be seen as the 
provision of further compounds able to induce apoptosis. 

2.2 In view of the chemical differences existing between the compounds of the 
application and those described in the available prior art, it was not obvious that 
the said compounds would have the desired apoptosis-inducing activity. 
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An inventive step could thus be acknowledged for the compounds which were 
shown to possess the desired activity (i.e. the compounds of the examples, see 
page 28). Claims 2 and 3 are thus considered as involving an inventive step. 

2.3 However, it must be reminded that the breadth of the claims should be such that it 
represents a reasonable generalization over the examples provided, and such 
that every compound falling within its scope actually provides a solution to the 
problem underlying the invention. 

If it is clear that some degree of generalisation in the light of the examples must 
be allowed for, generalisation is taken to mean that if an example has the desired 
activity it can be assumed that structurally close compounds can be assumed 
to have the same qualitative activity. 

The terms in claim 1 such as "aromatic", "aminic",. ."ethereal groups", 
"aminoacids", "saccharidic portions"., do not possess a generally accepted and 
limited meaning. The said terms encompass any chemical fonction, from i.e. 
phenyle to any molecule or even macromolecular system which contains such a 
phenyle group. Those embodiments cannot be considered as obvious 
generalization of the examples. They were also not shown to be technical solution 
to the problem underlying the application. 

Claims 1 and 4-6 are thus considered as lacking an inventive step. 

3. The industrial applicability of the present application is acknowledged (Art. 33(4) 
PCT). 
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